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CARBON AND NITROGEN DYNAMICS IN HIGH INTENSITY MINIMAL 
EXCHANGE SHRIMP (LJTOPENAEUS VANNAME!) RACEWAYS 
by John Henry Francis 
December 2012 
Three separate shrimp (litopenaeus vannamei) growouts were examined at The 
University of Southern Mississippi 's Thad Cochran Marine Aquaculture Center. The 
objectives of this project were to (I) determine if there was a significant difference in 
any water quality parameters between the 2 density treatments, (2) construct carbon and 
nitrogen budgets to see where the carbon and nitrogen went in the system for all 
growouts, (3) determine if plastic media had any effects on water quality parameters 
and shrimp production, ( 4) determine if plastic media allowed for a nitrifying bacteria 
population to establish more rapidly, (5) determine if the two solids treatments had any 
effects on water quality parameters and shrimp production, and (6) run a stable isotope 
mixing model. Once a week, one li ter ofwater was collected from each tank of each 
growout. From thi s liter the following analysis were performed, dissolved organic 
carbon (DOC), total dissolved nitrogen (TDN), ammonium (NH4) , nitrite (N02) , nitrate 
(N03) , soluble reactive phosphorous (SRP), parti culate organic carbon (POC), 
particulate organic nitrogen (PON) and bacterial abundance (BA). The fi rst growout had 
a complete die-off. The carbon and nitrogen budgets for the second and third growouts 
showed overall that the major input was feed and the major output was shrimp at 
harvest. The plastic media did not show any statisticall y significant effect on water 
quality or shrimp production; it also did not allow for a nitrifying bacteria population to 
II 
establish more rapidly. The two solids treatments did not have any statistica lly 
significant effect on overall water quality or shrimp production. The shrimp isotopic 
signatures were constant, but the biofl oc isotopic signatures varied. 
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Litopeneaus vannamei, also known as the pacific white shrimp, is a penaeid 
shrimp that is na~urally found on the pacific coast from the Gulf of California to Peru 
(Lin and Chen, 2001). L. vannamei can grow up to 23 em with the females usually 
growing bigger and faster than the males. L. vannamei spend their adult life in the open 
ocean while their juvenile, adolescent and sub-adult life stages live inshore (F AO, 
201 0). L. vannamei tolerate a wide range of salinities, being able to survive in water 
with salinities from 1-2 g/L up to 40 g/L (Menz and Blake, 1980). Such tolerances 
makes L. vannamei an attractive species for aquaculture and it bas become an important 
commercial species with over 2.2 million tonnes harvested in 2010. L. vannamei is the 
dominant penaeid shrimp species in North American aquaculture and is becoming more 
common in Asian countries (FAO, 2010). 
Many shrimp farms use ponds that are located next to the coastline and they 
frequently exchange shrimp pond water with clean surface water. This leads to 
environmental concerns with high nutrient water entering the local surface waters; in 
addition, many mangrove forests are cut down to construct the shrimp ponds (Thomas 
et al., 201 0). Minimal exchange high intensity raceways offer an alternative method of 
shrimp farming that bas little environmental impact, since li ttle water is released from 
the faci li ty. Due to little to no exchange, high nutrient water is not released into the 
environment and can therefore be reused for subsequent grow outs. In addition the 
spreading of diseases such as White Spot Disease or Taura Syndrome is limi ted in the 
closed system if proper biosecurity measures are taken. 
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Minimal exchange high intensity raceways use a biological flocculant solid or 
biofloc, which is a combination ofbacteria, phytoplankton, uneaten feed, feces, detritus 
and other aggregated particles that are kept suspended by constant aerati on and flow in 
the system and ~erve as an internal filter of sorts for maintaining water quality. The 
biofloc offers advantages to microbial populations by providing access to nutri ents in 
the water column, providing a physical surface area, and some degree of protection 
from predators if the system is located indoors (Ray et al. , 201 Oa) . The cycling of 
nutri ents by the microbial community, espec ially the inorganic nitrogen species is 
important since ammonium (N~) and nitrite (N02) are toxic to shrimp (A vnimelech, 
1999). NH4 is removed from the system by phytoplankton and heteroh·ophic bacteria 
through conversion into biomass (Ebeling eta!. , 2006), as well as by nitrifying bacteria 
that oxidize NH4 into N02, which is then oxidized into nitrate (N03) through a process 
called nitrification (Hagopian and Riley, 1998). N0 3 is not typically tox ic to shrimp but 
recent studies have shown that high levels ofN03 (> 145-220 ppm) can affect shrimp 
health (Kuhn et a!. , 201 0; Tsai and Chen, 2002). Sheng et a!. (2006) found that the 
biofloc was composed of two layers with the outer layer being more susceptible to the 
environment and being aerobic and the inside layer being more independent of the 
outside environment and being mainly anaerobic. Nitrate can continually accumulate in 
the system if not removed. One way to possib ly remove excess nitrate is through the use 
of external settling chambers which allow suspended solids in the water to settl e in 
external chambers that can easily be cleaned to remove the settled material. 
Deni trifi cation, the reduction ofN03 or 0 2 into nitrogen gas (N2), can also occur in 
the chamber due to anaerobic conditions and a plentiful supply of nitrate and organic 
matter (Ray eta!., 201 Ob ); it also occurs within the anaerobic floc (Sheng eta!., 2006). 
A potential way to aid the establishment of a nitrifying population in minimal 
exchange high int7nsity raceways is through the use of plastic media (F igure I). Plastic 
media are usually made out of plastic, typically PVC, and it provides a high physical 
surface area to volume ratio, giving microbes additional surfaces to wh ich they can 
attach as a biofilm (McCarthy and Gardner, 2003). This increased surface area can aid 
microbes in establishing populations to increase the rate of biogeochemica l cyc ling, 
particularly nitrification, without having to wait for a suitable physica l substrate (i.e., 
floc) to accumulate in the raceway. 
Figure f. A photo of the type of plastic media used in growout 2. 
Stable isotopes of carbon and nitrogen can be an effective too l in identifying 
carbon sources and examining trophic interactions (Peterson and Fry, 1987). isotopic 
3 
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values reflect the ratio of heavy to light stable isotopes and are expressed in del notation 
using the equation: 
bX = (Rsamplc/R standard - 1) X J 000 
where X is the 13<;:: or 15N del value (per mil) and R is the ratio of heavy to light isotopes 
(13C/ I2c or IsN/I4N). 
By comparing the isotopic signatures of the shrimp to the feed or biofloc, it is 
possible to determine what is contributing the biomass of the shrimp (Abreu et al., 
2007). In 2004, Burford et al. showed that 48 hours after the introduction of labeled 
15N-nitrogen enrichment to the natural biota, the shrimp were enriched with 15N-
nitrogen. This evidence suggests that the biofloc may offer additional nutrition to the 
feed and may allow for lower protein feeds to be used. Johnson et al. (2008) showed 
that the guts of shrimp grown at The University of Southern Mississippi's Thad 
Cochran Marine Aquaculture Center contained fatty acids (normal and monosaturated) 
found in biofloc, but not present in the feed (polysaturated), suggesting that the fatty 
acids in the shrimp came from the biofloc in the water and not the feed. Also it was 
found that the feed contained eukaryotic organisms, but the guts of the shrimp primarily 
had prokaryotic organisms contained inside them. In 2006, Wasielesky et al. showed 
that water with a high level of biofloc production had positive effects on the growth of 
L. vannamei and improved the feed conversion ratio. This suggests that the high 
productivity of minimal exchange, high intensity raceways may aid in the growth and 
nutrition of shrimp and may offer an advantage over other aquaculture methods that 
don' t promote high productivity. 
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Carbon and nitrogen budgets are an important tool for deciphering water quality 
parameters in minimal exchange systems (Thakur and Lin, 2003). Previous studies have 
shown that in outdoor open water exchange pond systems and indoor sediment lined no 
water exchange. tank systems 20% to 30% of nitrogen added to the system is 
incorporated into shrimp biomass, with the rest remaining in the sun·ounding 
environment and possibly negatively affecting health of the system (Funge-Smith and 
Briggs, 1998; Hari et al. , 2006; Jackson et al., 2003). Adjusting the carbon:nitrogen 
(C:N) ratio with the addition of simple carbohydrates can be an effective tool in 
managing nitrogenous waste by providing a labile carbon source to heterotrophic 
bacteria which in turn can lower harmful inorganic nitrogen species by incorporating 
them into increased amounts of microbial proteins (A vnimelech, 1999). A C:N ratio of 
10 of system inputs (feed and carbohydrates) is needed for the heterotrophic bacteria to 
use the inorganic nitrogen species to make bacterial proteins and produce new cell s 
(Avnimelech, 1999; Hargreaves 2006, Hari et al., 2004). 
My objectives were to: 
1. Determine if there was a significant difference in any water quality 
parameters between the 2 density treatments. 
2. Construct Carbon and Nitrogen Budgets to see where the carbon and 
nitrogen went in the system for all growouts. 
3. Determine if plastic media had any effects on water quality parameters and 
shrimp production. 
4. Determine if plastic media allowed for a nitrifying bacteria population to 
estab lish more rapidly. 
5. Determine if the two solids treatments had any effects on water quality 
parameters and shrimp production. 
6. Run a stable isotope mixing model. 
I hypothesize ~hat: 
1. In the biofloc systems nitrogen will undergo nitrification and end up with 
accumulating N03. 
2. N0 3 concentrations will be higher in tanks that used plastic media than 
tanks that did not. 
3. The tanks conta ining high so lids will undergo nitrification resulting in 
increased N0 3 such that N03 concentrations will be higher than the tanks containing 
low solids. 
4. The isotopic signatures of the shrimp will be more similar to the feed than 
the biofloc. 
5. The isotopic signatures of the shrimp wi ll remain relatively constant during 
the growing period. 
6 
CHAPTER II 
STUDY SITE AND METHODS 
Samples were collected at The University of Southern Mississippi 's Thad 
Cochran Marine Aquaculture Center (TCMAC) located at the Gulf Coast Research 
Lab 's Cedar Point site in Ocean Springs, Mississippi. The TCMAC contains 12 
concrete rectangular raceways measuring 30.1 m by 3.2 m with a water depth of 0.5 m 
lined with plastic, which are enclosed by 6 dome shaped greenhouses covering the 
raceways with one greenhouse enclosure for every 2 raceways. Samples were collected 
over three separate growouts. I had no input on the design of the raceway grow out set 
ups or any part of the maintenance for the grow outs. I just gathered samples once a 
week. 
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Sampling for grow out 1 was conducted from 7/29/2008 to 1111 8/2008. Initially, 
Tanks 5 and 9 had twelve week old recycled water while tanks 4, 10, and 11 had Davis 
Bayou water (a subestuary of Mississippi Sound). Water had an initial temperature of 
27 °C and salinity was between 10 and 17 g/L. Shrimp were fed three times a day at 
approximately 07:30, 11 :30, and 15:30 h. There were two different treatments with 
different shrimp stocking densities: tanks 4 and 10 were stocked at 400/m3 and Tanks 5, 
9, and 11 were stocked at IOO/m3. 
Sampling for growout 2 was conducted from 5/1 9/2009 to 9/8/2009. Water was 
preconditioned with ammonium chloride for five weeks to allow the nitrifying bacterial 
population to become established before water was loaded into the tanks. The initial 
temperature and salinity was 21-22 OC and 34-35 g/L respectively. All tanks were 
stocked at 400/m3. Shrimp were fed three times a day at approximately 07:30, 11:30, 
8 
and 15:30 h. There were two different treatments with tanks 9 and 12 containing plasti c 
media to act as a physical surface area for the microbial community to attach for the 
purpose of rapid ly establi shing a nitrifying population. Tanks I 0 and 11 served as 
control tanks and contained no plastic media. The plastic media were contained in a 
cylinder with a volume of 790 liters outside both tank 9 and tank 12. 0.23 m3 of bioball 
media was used for tanks 9 and 12, which provided an additional surface area of 184 m2 
for each tank. Water from tank 9 and tank 12 flowed through the bottom of the 
cylinders conta ining the plastic media to the top of the cylinder and back out into the 
tank. Sugar in the form of sucrose was added to all tanks in week 2, 3, and 4. Sugar was 
added to provide a labile carbon source to heterotrophic bacteria to lower harmfu l 
inorganic nitrogen species by incorporating them into increased amounts of microbial 
proteins. 
Sampling for growout 3 occurred from 5/ 13/2010 to 8/9/2010. Eight tanks were 
filled with 50m3 of water. The ini tial water consisted of 20 m3 bleached Davis Bayou 
water, 15 m3 of artificial seawater that was made from a mix of water and Fritz super 
salt concentration (Fritz Pet Products, Mesquite, Texas, USA) plus sodium chloride 
(Morton® Purex® Salt, Morton® Salt, Chicago, Illinois, USA), and 15m3 was 
inoculant from nursery tanks. The initial water temperature and salinity was 28 ·c and 
18 g/L respectively. All tanks were stocked at 250/m3. Feeding occurred fi ve times a 
day at approximately 07:00, 09:30, 12:00, 14:30, and 17:00 h. The amount of feed was 
based on an estimated feed conversion ratio (weight of feed provided/ shrimp 
population weight ga in). The feed convers ion ratio was then multiplied by the expected 
weekly growth, which was then multiplied by the estimated population, to determine the 
weekly feeding amount. There were two treatments with tanks 3, 6, 9, and 10 
containing a lower concentration of suspended solids (LS) in the water co lumn and 
tanks 4, 5, 11 and 12 containing a higher concentration of suspended solids (HS) in the 
water column. The tanks belonging to the LS treatment had a settling chamber (Figure 
2) wi th a volume of 1700 L. The tanks belonging to the HS treatment had a settling 
chamber with a volume of 760 L. The settling chambers were opened once a week to 
remove any material that had collected at the bottom. Sugar in the form of sucrose was 
added to each tank at least twice a day, the amount added per day ranged from 500 to 
51 00 grams per tank throughout the entire growout. 
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Figure 2. The setup of the settling chambers used in growout 3 (Ray et al. , 20 I l ). 
Water samples were co llected week ly from each operational tank in 1-L 
Na lgene bottles for the fo llowing analysis: dissolved organic carbon (DOC), total 
di ssolved nitrogen (TON), ammonium (NH4), nitrite (N02) , nitrate (N0 3), so luble 
reacti ve phosphorous (SRP), particulate organic carbon (POC), particulate organic 
nitrogen (PO ), and bacterial abundance (BA). For selected weeks during growout one 
(7 /29/2008 - 811 8/2008) and three (7 /27/20 I 0 - 8/9/201 0) whole shrimp were co llected 
9 
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from each raceway for stable isotope analysis. Due to low initial stocking numbers and 
high shrimp mortality shrimp were not collected during growout 2. 
Duplicate water samples for DOC and TDN analysis were filtered with acid 
washed ( 10% HCl) glass syringes, which were also rinsed three times with filtered, 
deionized water through precombusted (500 oc for two hours) 25 mm Whatman GF/F 
filters (nominal pore size = 0. 7 micron). After samples were filtered into 22 ml vials, 
they were sealed with teflon lined caps and frozen at -20 °C until analysis. DOC and 
TDN samples were thawed slowly at room temperature and gently shaken to allow for 
even mixing. Samples were then acidified with 30 J.!L of concentrated HCl and sparged 
with hydrocarbon free air prior to analysis to remove dissolved inorganic carbon from 
the samples. DOC and TDN sample concentration were measured on a Shimadzu TOC-
V analyzer (high temperature combustion with platinum catalyst) equipped with a total 
nitrogen unit with a chemiluminescence detector. Standard curves were made from 
known standard solutions of potassium hydrogen phthalate for DOC and potass ium 
nitrate for TDN. Duplicate blanks of filtered , deionized water were run to con ect 
diluted samples concentrations when neccessary. Dissolved Organic N itrogen (DON) 
was calculated by subtracting NH4, N0 2, and N03 from the TDN. 
NH4 was analyzed by the colormetric sali cylate - hypochlorite method (Bower 
and Holm-Hanson, 1980). Duplicate 5 ml samples were analyzed on a Shimadzu UV-
visible spectrophotometer at a wavelength of 640 nm. N02 was analyzed 
co l01metrically on a Shimadzu UV-visible spectrophotometer (Strickland and Parsons 
I 972). Duplicate 5 ml samples were analyzed at a wavelength of 543 nm. N0 3 plus N02 
was measured with a Thermo chemiluminescence NOx detector after reduction in a flow 
11 
thru reaction vessel containing an acidic vanadium sulfate so lution (Braman and 
Hendrix, 1989). N0 3 was calculated by subtracting the N0 2 concentration from the N0 3 
plus N0 2 concentration . Three to four sample injections were analyzed on the 
chemiluminescence detector. SRP was analyzed colormetrically with a Shimadzu UV-
visible spectrophotometer (Strickland and Parsons, 1972). Duplicate 5-ml samples were 
analyzed at a wavelength of 880 nm. A t select dates of each growout total phosphorus 
(TP) was also measured colormetri cally on a Shimadzu UV -visible spectrophotometer 
after a persulfate digestion was done for each sample in an autoclave (Strickland and 
Parsons 1972). Duplicate 5 ml samples were analyzed at a wavelength of 880 nm. This 
was done to compare how much of the TP was comprised ofSRP. After it was 
determined that SRP accounted for over 90+% ofTP, only SRP analysis was run. 
POC and PON samples were collected on precombusted (450 °C for 2 hours) 25 
mm GF/F fil ters then frozen at -20 °C until analysis. After samples were thawed at 
room temperature, then placed into a glass desiccator with concentrated HCI for an acid 
fume bath to remove inorganic carbon and were then dried before being analyzed on a 
Perkin Elmer 2400 elemental ana lyzer. 
BA samples were collected in 20 ml scintill ation vials with a cone caps and 
preserved with 200 ~-tL of0. 22 ~-tm filtered Lugol' s Solution. The samples were stored in 
a refrigerator unti l they were counted . BA samples were vortexed for approximately 30 
seconds then approximately 4 mL of sample were fi ltered through a I 0 ~tm fi lter. Then 
0.5 mL of the fi ltered samples was pipetted into, steri le plastic 5 mL Falcon test tubes. 
Fi ltered DI water were then added to di lute the sample and brought the tota l sample 
vo lume to 3 mL. Then approximately 3 drops of 0.22 ~-tm fi ltered so ldium thiosulfate 
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solution (3 grams/1 00 ml) were added to clear the color of the Lugol 's solution, then 30 
flL ofworking stock (O. lmg/ml) 4 ', 6 diamidino-2-phenyndole (DAPI) was added to 
each 3 mL sample and allowed to stain in the dark for 30-60 minutes. After staining, the 
samples were vacuum filtered onto 0.22 Jlm pore size black PCTE membrane filters 
with low vacuum to avoid cell lysis (Fuhrman and Bell, 1985) then the filters were oil 
plated on glass slides. Samples were hand counted on a I OOx Zeiss fluorescent 
microscope with at least 10 fields and 400 cell s counted for each sample. The equation 
used to calculate total number of bacteria per unit volume 'T' was 
T = NAr/aV 
where 'N' is the mean number of bacteria per grid area, ' Ar' is the filtration area, ' a ' is 
the grid area, and 'V ' is the volume of sample filtered. (Fry, 1990; Hobbie et al. , 1977) 
Whole shrimp were collected from each of the raceways during growouts 1 and 
3, placed into sealed Zip-lock bags and frozen at -20°C. The heads of the shrimp were 
removed and discarded and the tai ls were freeze dri ed. The exoskeletons were then 
removed and the shrimp tissue was homogenized with a heavy duty Wig-L-Bug 
homogenizer (Reflex Analytical). The Wig-L-Bug consists of a motor that rapidly 
moves a small metal capped cylinder back and forth with a metal ball inside the 
cylinder to pulverize the sample into a homogenized powder. The cyli nder, cap, and ball 
were acid washed w ith 10% HCl and rinsed thri ce with deionized water between each 
sample. Homogenized samples were then acid washed with 10% HCl to remove 
inorganic carbonates (Jackson et al. , 1986), ri nsed thrice with deionized water then 
dried overnight in a 60 °C oven before being homogenized again with the Wig-L-Bug. 
Samples were analyzed by continuous fl ow isotope ratio mass spectrometry using a 
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Cos tech 4010 elemental analyzer coupled to a Thermo Delta V Advantage Isotope Ratio 
Mass Spectrometer. 
Shrimp feed (Zeigler™ Hyperintensive-35) was collected, fully dried, and 
ground to a fine homogenous powder with a mortar and pestle. Duplicate samples were 
then packed into combustible tin cups with weights between 0.7 and 1.5 mg. Biofloc 
stable isotope samples were collected on 25 mm GF/F filters then frozen at -20°C until 
analysis. After samples were thawed at room temperature, they were placed into a glass 
desiccator with an open beaker of concentrated HCl for an acid fume bath to remove 
inorganic carbon. The filters were then scraped and duplicate samples were packed into 
combustible tins . Feed and biofloc samples for stable C and N isotopes were analyzed 
as described for shrimp above. 
The mixing model used for the contribution of diet from the biofloc and feed to 
the shrimp was 
f1= (8Xsamplc - 8Xsourcc2) / (8Xsourcc i-8Xsourcc2) 
where Dsamplc is the isotopic value of the shrimp, Dsourccl is the isotopic value of the feed, 
Dsourcc2 is the isotopic value of the biofloc, f1 is the fractional contribution from the feed 
and f2 is the fractional contribution from the biofloc (Fry, 2006). To account for trophic 
enrichment, fractionation values of 1 %o for carbon and 2.4 %o for nitrogen were used as 
determined by Anderson and Parker (1987) and Parker and Anderson (1989). The 
mixing model was used for both () 13C and () 15 • 
The statistical software used was Sigmaplot Version 12.2 (Systat Software Inc., 
Chicage lllinois, USA). DOC, TDN, Dissolved C:N, NH4, 0 2, N0 3, SRP, POC, PON, 
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and Particulate C:N data for the shrimp tanks were averaged by treatment over time and 
compared with a repeated measures (RM) ANOY A for each parameter. When the 
assumptions of an ANOV A were not met, the data were transformed by having the 
values calculated using log I 0, square root, sin or cos of the original data values until the 
assumptions were met. If no transformations worked for the data a Friedman repeated 
measures (RM) ANOVA on ranks was run. The 8 13C and 8 15N values for shrimp and 
biofloc were organized by treatment and compared with a Mann-Whitney U test. For 
growout 3 a t-test was run between treatments to compare percent survival and 
kilograms of shrimp harvested. A significance level of 0.05 was used for all tests. 





DOC concentrations ranged from 24 - 735 mg/L (Figure 3). Recycled water 
tanks 5 and 9 started out with higher initial concentrations (723 and 521 mg/L) 
compared to tanks 4, 10, and 11 (46, 144, and 103 mg/L) with all tanks having a large 
drop in concentration from week four to week fi ve. In week four a major shr imp die-off 
occurred in tanks 5, 9, and 11 in the low density treatment and tank 10 in the high 
density treatment. From week fi ve on all tanks had a slow increase in DOC 
concentrations. DOC concentrations were significantly higher (p = 0.027) in the low 
density ( 1 OO/m3) treatment. 
DON concentrations for tank 4 had an overall increase from week one until 
week eight. Tank 4 DON concentrati ons were undetectable in week 9, 11, 12, 14, and 
16. Tank 5 DON concentrations were relati vely constant for the entire duration w ith a 
slight decrease from week two to week three and a slight increase from week four to 
week six. Tank 9 DON concentrations were relatively constant from week one to week 
three, then had an increase in weeks four and five. Tank 9 DON concentrations were 
relati vely constant from week six to eight, then had an increase in week nine fo llowed 
by a decrease for the rest of the growout. Tank I 0 DON concentrations had a decrease 
from week one to week two, followed by an increase in week three and a decrease in 
week four. Tank I 0 DO concentrations had an increase in week fi ve and six, then had 
a decrease for the rest of the growout. Tank 1 1 DON concentrations were re latively 
constant from week one to week three wi th a rapid increase in week 4. DON ranged 
from 0.5 - 109 mg/L. DON concentrations were not significantly different (p = 0.331) 
between treatments. 
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The DOC: DON ratio for tank 4 decreased from week one to week eight and was 
unde tectable in weeks 9, 11 , 12, 14, and 16. Tank 5 DOC: DON ratios were relatively 
constant from week one to week three, then had a decrease from week four to the end of 
the growout. Tank 9 DOC:DON ratios had an overall decrease from week one to week 
five with a rapid decrease from in week six. Tank 9 DOC:DON ratios were relati vely 
constant from week six to nine and then increased for the rest of the growout. Tank I 0 
DOC:DON ratios had an increase from week one to week two, followed by a decrease 
in week three. In week four and five tank 10 DOC:DON ratios had an increase, 
fo llowed by a rapid decrease in week six and an increase from week seven until the end 
of the growout. Tank 11 DON :DOC ratios had an increase from week one to three and 
then had a rapid decrease in week four. DOC:DON ratio ranged from 0.2 - 405 mg/L. 
DOC:DO was significantly higher (p = 0.041) in the high density (400/m3) treatment. 
TON concentrations increased with time with tank 4 having a rapid increase 
from week five to seven compared to other tanks. In week eight tank 4 had a sudden 
drop in concentration with an increase in subsequent weeks and had a decrease in weeks 
15 and 16. A ll tanks had a decrease in concentration the last few weeks the tanks were 
operating. TDN concentrations ranged from 0.3 - 188 mg/L. TDN concentrations were 
found to not be significantly different between treatments higher (p = 0.068, log 
transformed). 
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Figure 3. Graphs of growout 1 dissolved organic carbon, dissolved organic nitrogen, 
and DOC:DON. 
NH4 concentrations (Figure 4) were low throughout the entire growout (<2 
mg/1). Tanks l 0 and 11 had a steep decrease in concentration from week one and 
remained low for the rest of the growout with Tank 11 having a slight spike in week 
three. Tanks 4, 5, and 9 had low concentrations throughout the entire growout (<0.5 
mg/L) with a decrease in concentration the final week they were operating. NH4 
concentrations ranged from 0.3 - 1.3 mg/L. NH4 concentrations were not fo und to be 
signifi cantly different (p = 0.459, log transformed) between treatments. N02 
concentrations ranged from 5 x 1 o-3 - 6.5 mg/L. All tanks had concentrations of less 
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than 1 mg/L except tank 4 and remained relatively constant for the entire growout. Tank 
4 showed a sharp increase in weeks three and fou r followed by a sharp decrease in week 
five. Tank 4 then had low concentrations throughout the rest of the growout. N0 2 
concentrations were found to be significantly higher in the high density treatment (p = 
0.023). 
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N03 concentrations ranged from 0.03 - 187 mg/L with a general increase in 
concentration over time except in tank 10 which had a slight decrease starting in week 
four and continued until the end. N03 concentrations were found to not be significantly 
different (p = 0.063) between treatments . 
SRP concentrations, ranged from 0.06- 21 mg/L with tank 4 increasing over 
time and tanks 10 and 11 peaking in week three, then decreasing. Tank 5 had a drop in 
concentration in week two then increased slightly for the rest of the growout. SRP 
concentrations were found to be significantly higher (p = 0.007) in the low density 
treatment. SRP and TP were compared and SRP was found to be 90+% of the TP pool. 
After this comparison showed that most ofTP consisted of SRP, only SRP was 
measured for the remainder of the growout. Figure 5 shows that SRP comprised most of 
the TP in tank 10, but concentrations of SRP were higher than TP on some samples, 
possibly due to loss of volume ofTP sample during autoclaving. Tank 4, 5, 9, and 11 
were similar to tank 10, having SRP comprising 90+% ofTP. 
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Figure 4. Graphs of the nutrients sampled in growout l 
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Figure 5. Graph oftank 10 soluble reactive phosphorus vs. total phosphorus in 




Tank 4 and 9 had POC (Figure 6) concentrations that increased over time with 
tank 4 increasing until week four, then decreasing unti l week nine, then had a rapid 
increase in week ten and then fluctuated up and down the rest of the growout. Tank 5 
had the highest concentration of POC (744 mg/L) and fluctuated up and down the whole 
. 
growout. Tank I 0 increased in concentration until week three and then decreased until 
week six, then increased until the final week, where a decreased occurred. Tank ll 
increased until week four, and then decreased until the end of the growout. POC 
concentrations ranged from 0.7- 744 mg/L over the growout. POC concentrations were 
found to be significantly higher (p = <0.00 1) in the low density treatment. 
PON concentration trends mirrored the trends of POC concentrations and ranged 
from 0.2- 137 mg/L. PON concentrations were found to be significantly higher 
(p = <0.001) in the low density treatment. The particulate C:N ratio (POC:PON) ranged 
from 0.93 - 9. Tank 4 had a rapid decrease in week one (6- 0.93) followed by a rapid 
increase in week two (Figure 6). Tank 4 had its peak in week fi ve, then decreased until 
week seven, then stayed relativity constant for the rest of the growout. Tanks 5 and 9 
were relativity constant throughout the growout wi th tank 5 having a drop in week four. 
Tank 10 and 11 had an initial increase in concentration with tank 11 staying re lative ly 
constant and tank 10 having a decrease from week five unti I the end of the growout. 
Particulate C:N ratios were not found to be significantly different (p = 0.737) between 
treatments. 
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Figure 6. Graphs of POC, PON, and particulate C:N in growout 1. 
BA ranged from 1.37 x I 07 - 5. 76 x I 07 (Figure 7). Tank.4 had an increase from 
week one to week three, then had a decrease in week four and then remained relatively 
constant. Tank 5 had increase from week two to week three with a decrease in week 
three, followed by an increase from week three to week five. Tank 9 was relatively 
constant during the whole growout w ith an increase in the last week it was nmning ( 13). 
Tank I 0 had a rapid increase in week one then had an overall decrease until week four, 
then remained relatively constant for the duration it was running (week ten). Tank 11 
decreased from week one to week two, then remained relatively constant for the 
duration it was running (week four). BA was found to be significantly higher in the high 
density treatment (p = <0.001). 
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Figure 7. Graph of bacterial abundance in grow out 1. 
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Over the growout period, temperature ranged from 17.7 - 30.6 °C (Figure 8) and 
tended to decrease over time, with fluctuations also increasing over time. Dissolved 
oxygen (DO) concentrations typically stayed within 6 - 8 mg/L for the whole growout 
with tank 5 having low concentration of 5.32 mg/L on 8/24/2008. DO concentrations 
ranged from 5.32- 9.2 1 mg/L. pH ranged from 7.65 - 8.83 with tanks 10 and 11 
experiencing a decrease from week one to week two and a rapid increase from week 
four to week six. Salinity ranged from 8 - 25 g/L and generally increased over time in 
all tanks with tank 5 having a rapid decrease from week three to week four ( 19 - 8 g/L ), 
then having an rapid increase from week four to week five (8 - 19 g/L). 
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Figure 8. Graph ofwater quality variables measured in growout 1. 
Carbon Budget 
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Carbon budgets were detem1ined by calculating the known inputs and outputs of 
carbon to the system for each tank. T he inputs were calcu lated by adding the amount of 
carbon present in the initi al disso lved and particulate pools, the initial amount of 
shrimp, and the total amount of feed added during the entire growout for every tank. 
The outputs were calculated by adding the amount of carbon present in the final 
di sso lved and particulate pools, and the shrimp at harvest. To calculate the amount of 
carbon present in the initial and final dissolved portion of the water, the DOC 
concentration was multiplied by the vo lume of water in the tank (50,000 L). The in itial 
and fina l amount of carbon in the particul ates was calculated by multiplying the initial 
or fi nal POC concentration by the volume of water in the tank. The carbon in the in itia l 
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and fina l shrimp was calculated by multiplying the total weight of the shrimp at 
stocking or harvest by the percent carbon of the shrimp. The carbon in the feed was 
calculated by multiplying the total weight of the feed added over the entire growout by 
the percent carbon of the feed . 
Tank 4 had a total of 53.48 kg of carbon inputs for the growout. Feed accounted 
for 88% ( 4 7.07 kg) of carbon that entered tank 4 (Figure 9). The dissolved carbon pool 
held 4% (2.28 kg) of carbon with the particulates within the tank 4 held 0.1% (0.05 kg). 
The shrimp that were stocked in tank 4 contained 7.9% (4.08 kg) of carbon in tank 4 at 
the start of the growout. Tank 4 had a total of 20.41 kg of carbon outputs for the 
growout. 13% of carbon present in tank 4 at the end of the growout was contained in the 
dissolved carbon pool with the remaining 87% of carbon was in the particulate carbon 
pool. Shrimp was not accounted for due to all the tanks having complete die-offs at 
different times, so no harvest occurred and no shrimp were collected at the end. 
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Figure 9. Graph of the kg of carbon and % carbon of the inputs and outputs to tank 4 
during growout 1. 
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Tank 5 had a total of 58.46 kg of carbon inputs for the growout (Figure 1 0). 
Feed accounted for 21% (12.14 kg) of carbon for tank 5. The dissolved pool contained 
62% (36.17 kg) of carbon, while the particulate pool contained 7% (4.34 kg) of carbon. 
The shrimp stocked in tank 5 at the start of the growout held 10% (5.81 kg) of carbon. 
Tank 5 had a total amount of 8.5 kg of carbon of outputs for the growout. The dissolved 
carbon pool contained 22% of carbon present at the end of the growout in tank 5 with 
the remaining 78% (6.61 kg) of carbon was held within the particulate pool. 
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Figure I 0. Graph of the kg of carbon and % carbon of the inputs and outputs to tank 5 
during growout 1. 
Tank 9 had a total amount of 65.13 kg of carbon inputs for the growout (Figure 
11). Feed accounted for 45% (29.81 kg) of carbon for tank 9. The dissolved carbon pool 
contained 40% (26.05 kg) of carbon present at the start of the growout for tank 9, and 
8% ( 4.89 kg) of carbon was held within the particulate pool. The shrimp stocked in tank 
9 at the start of the growout contained 7% (4.38 kg) of carbon. Tank 9 had a total 
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amount of 23.65 kg of carbon of outputs for the growout. The dissolved carbon pool 
contained 15% (3.6 kg) of the carbon present at the end of the growout in tank 9 with 
the remaining 85% (20.05 kg) held within the particulate pool. 












Figure 11. Graph of the kg of carbon and % carbon of the inputs and outputs to tank 9 
during growout 1. 
Tank 10 had a total of 18.88 kg of carbon inputs for the growout (Figure 12). 
Feed accounted for 30% (5.7 kg) of carbon in tank 10. The dissolved carbon pool 
contai ned 30% of carbon for tank 10 at the start of the growout with 8% ( 4.89 kg) held 
with in the particulate pool. The shrimp stocked at the start of the growout in tank J 0 
contained 7% (4.38 kg) of carbon. Tank 10 had a total amount of2.2 kg of carbon 
outputs for the growout. The dissolved carbon pool contained 68% (1.92 kg) of carbon 
present at the end of the growout in tank 10, while the remaining 32% (0.9 kg) was held 
within the particulate pool. 














Figure 12. Graph of the kg of carbon and % carbon of the inputs and outputs to tank I 0 
during growout 1. 
Tank 11 had a total of 18.37 kg of carbon inputs for the growout (Figure 13). 
Feed accounted for 32% (5.92 kg) of carbon for tank 11 . The dissolved carbon pool 
contained 28% (5.13 kg) of carbon in tank 11 at the start of the growout with the 
particulate pool containing 11% (1 .98 kg) of carbon. The shr imp stocked in tank 11 at 
the start of the growout contained 29% (5.34 kg) of carbon. Tank 11 contained 4.56 kg 
of carbon outputs for the growout. The dissolved carbon pool contained 33% ( 1.52 kg) 
of carbon present at the end of the growout in tank 11 with the remaining 67% (3.04 kg) 
held with in the particulate pool. 
28 
Growout 1 Tank 11 Carbon Inputs and Outputs 
• Shrimp I 
----
1.98 11°o 
5.13 28°o 1. 52 33~o 
Feed 
Figure 13. Graph of the kg of carbon and % carbon of the inputs and outputs to tank II 
during growout 1. 
Nitrogen Budget 
Nitrogen budget was determined by calculating the inputs and outputs of 
nitrogen to the system for each tank. The inputs were calculated by adding the amount 
of nitrogen present in the initial dissolved nitrogen pool, initial particulate nitrogen 
pool , initial shrimp, and the total amount of feed added during the entire growout of 
every tank. The outputs were calculated by adding the amount of nitrogen present in the 
final dissolved, final particulates, and the shrimp at harvest. To calculate the amount of 
nitrogen present in the initial and final dissolved, the TDN concentration was multiplied 
by the vo lume ofwater in the tank (50,000 L). The initial and final amount of nitrogen 
in the particulates was calculated by multiplying the initi al or fi na l PON concentration 
by the volume of water in the tank. The nitrogen in the initial and final shrimp was 
calculated by mul tiplying the total weight of the shrimp at stocking or harvest by the 
percent nitrogen of the shrimp. The nitrogen in the feed was calculated by multiplying 
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the total weight of the feed added over the entire growout by the percent nitrogen of the 
feed. 
Tank 4 had a total amount of 7.35 kg of nitrogen inputs for the growout (Figure 
14). Feed accounted for 84% (6. 19 kg) of nitrogen in tank 4. The dissolved nitrogen 
pool contained 0.2% (0.0 15 kg) of nitrogen in tank 4 and the particulate pool contained 
0.1 % (0.007 kg) of nitrogen. The shrimp stocked in tank 4 at the start of the growout 
accounted for 15.7% (1.14 kg) of nitrogen. Tank 4 had a total amount of 8.3 1 kg of 
nitrogen outputs for the growout. The di ssolved nitrogen pool accounted for 63% (5.23 
kg) of nitrogen present at the end of the growout in tank 4 with the remaining 37% (3.08 
kg) of nitrogen held within the particulate pool. Shrimp was not accounted for due to all 
the tanks having complete die-offs at different times, so no harvest occurred and no 
shrimp were collected at the end. 

















a! Nitrogen Inputs 
1.1-l 15.7° 0 
7 0.1 °o 
0.015 0.2°o 1 
19 8-l0 o 
Figure 14. Graph of the kg nitrogen and % nitrogen of the inputs and outputs in tank 4 
during growout 1. 
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Tank 5 had a total amount of 4.92 kg of nitrogen inputs for the growout (Figure 
15). Feed accounted for 32% (1.6 kg) of nitrogen in tank 5. The dissolved nitrogen pool 
contained 16% (0. 79 kg) of nitrogen in tank 5 at the start of the growout with 17% (0.82 
kg) of nitrogen held within the particulate pool. The shrimp stocked in tank 5 at the start 
of the growout accounted for 35% (1.71 kg) of nitrogen. Tank 5 had a total amount of 
2.99 kg of nitrogen outputs for the growout. The dissolved nitrogen pool accounted for 
57% (1.7 kg) of nitrogen present at the end of the growout in tank 5 with the remaining 
43% (1.29 kg) of nitrogen held within the particulate pool. 
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Figure 15. Graph of the kg nitrogen and % nitrogen of the inputs and outputs in tank 5 
during growout 1. 
Tank 9 had a total amount of 7.57 kg of nitrogen inputs for the growout (Figure 
16). Feed accounted for 52% (3.92 kg) of nitrogen in tank 9. The di ssolved nitrogen 
pool accounted for 20% (1.56 kg) of nitrogen in tank 9 at the start of the growout with 
11% (0.8 kg) of nitrogen held within the particulate pool. The shrimp stocked in tank 9 
at the start of the grow out accounted for 17% ( 1.29 kg) of nitrogen . Tank 9 had a total 
of 6.95 kg of nitrogen outputs for the growout. The dissolved nitrogen pool accounted 
for 42% (2.94 kg) of nitrogen present at the end of the growout in tank 9 with the 



















Figure 16. Graph of the kg nitrogen and % nitrogen of the inputs and outputs in tank 9 
during growout 1. 
Tank 10 had a total of 3.09 kg of nitrogen inputs for the growout (Figure 17). 
Feed accounted for 24% (0.75 kg) of nitrogen in tank 10. The dissolved nitrogen pool 
contained 13% (0.39 kg) of nitrogen in tank 10 at the start of the growout with 19% 
(0.58 kg) of nitrogen held within the particulate pool. The shrimp stocked in tank l 0 at 
the start of the growout contained 44% (1.37 kg) of nitrogen. Tank 10 had a total of 
3.57 kg of nitrogen outputs for the growout. The di ssolved nitrogen pool accounted for 
74% (2.63 kg) of nitrogen present at the end of the growout in tank 10 with the 
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Figure 17. Graph of the kg nitrogen and % nitrogen of the inputs and outputs in tank 10 
during growout 1. 
Tank 11 had a total of3.11 kg of nitrogen inputs for the growout (Figure 18). 
Feed accounted for 25% (0.78 kg) of nitrogen in tank 11. The dissolved nitrogen pool 
accounted for 11% (0.33 kg) of nitrogen present in tank 11 at the start of the growout 
with 16% (0.49 kg) of nitrogen held within the particulate pool. The shrimp stocked in 
tank II at the start of the grow out contained 48% ( 1.51 kg) of nitrogen. Tank 11 had a 
total of 2.61 kg of nitrogen outputs for the growout. The dissolved nitrogen pool 
accounted for 78% (2.04 kg) of nitrogen present at the end of the growout in tank 11 
with the remaining 22% (0.57 kg) of nitrogen held within the particulate pool. 
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Figure 18. Graph of the kg nitrogen and % nitrogen of the inputs and outputs in tank 11 
during growout 1. 
Growout Two 
Water Quality data 
DOC concentrations tended to decrease over time except tank I 0, which had an 
increase from week one to week two, followed by a decrease in week four. From week 
five to week eight tank I 0 DOC concentrations had an overall increase, followed by an 
overall decrease from week nine to eleven. Tank 10 DOC concentrations increased from 
week twelve to fourteen, followed by a decrease in week 15 and an increase in week 16 
(Figure 19). Tank 11 had an increase in concentration in week four, whi le all other 
tanks had a decrease. DOC concentrations ranged from 19 - 86 mg/L. DOC 
concentrations were found not to be significantly different (p = 0.676) between 
treatments. 
DON concentration for Tank 9 had a rapid decrease from week two to week 
three and was undetectable in week four. From week fi ve to week eight tank 9 DON 
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concentrations had an overall increase, followed by a rapid decrease in week nine. Tank 
9 DON concentrations were undetectable in weeks 11 and 13 and had an increase from 
week fourteen until the end of the growout. Tank 10 DON concentrations had an overa ll 
increase from week one until week fi ve, followed by a decrease from week six to week 
eight. Tank 1 0 DON concentrations increased in week nine and were undetectable in 
weeks 9, 10, 12, 13, 14, and 15. Tank 10 had a DON concentration of30 mg/L for the 
last week of the grow out. Tank 11 DON concentrations had an increase from week one 
to two and were undetectable for week three. Tank 11 DON concentrations had a rapid 
increase from week four to five with a decrease in week six and a slight increase in 
week seven. Tank 11 DON concentrations were undetectable in weeks 8, 9, 10, 11 , 12, 
13, 15, and 16. Tank 12 DON concentrations had a decrease from week two to week 
three, followed by an increase from week three until week six, then had a decrease in 
week seven. Tank 12 DON concentrations were undetectable in weeks 8, 10, 11 , 13, 14, 
and 16. DON concentrations ranged from 1 - 30 mg/L. DON concentrations were found 
to not be signifi cantly different (p = 0.051 , log transformed) between treatments. 
DOC:DON ratios for tank 9 had an increase from week one to week three and 
were undetectable in week four. DOC:DON ratios were relatively constant from week 
five to week eight followed by a rapid increase in week nine and decrease in week ten. 
Tank 9 DOC:DON ratios were undetectable in week 11 and 13. Tank 9 DOC:DON 
ratios were relatively constant from week 14 to week 16. Tank 10 DOC:DON ratios had 
a decrease from week two to week three and were re latively constant from week four to 
week eight. Tank I 0 DOC:DON ratios were unable to be calculated in weeks 9, 10, 12, 
13, 14, and 15 due to DON concentrations being undetectable. Tank 11 DOC:DO 
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ratios were relatively constant from week one to week seven, except for a rapid increase 
in week four and not being able to be calculated due to DON being undetectable in 
week three. Tank 11 DOC:DON ratios were undetectable in weeks 8, 9, 10, 1 I, 12, 13, 
15, and 16. Tank 12 DOC:DON ratios had an increase from week two to week three and 
then had a decrease from week four to week six with an increase in week seven. Tank 
12 DOC: DON ratios were unable to be calculated due to DON being undetectable in 
weeks 8, 10, 11 , 13, 14, and 16. DOC:DON was found to not be significantly different 
(p = 0.421, log transformed) between treatments. 
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Figure 19. Graphs of growout 2 disso lved organic carbon, dissolved organic nitrogen, 
and DOC:DON. 
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NH4 concentrations in Tanks 9 and 11 decreased significantly from week one to 
week three and remained low except tank 9, which had significant increase in week 15. 
Tank 10 NH4 concentrations remained low the entire growout and decreased over time. 
Tank 12 had a significant increase in NH4 from week one to week two, followed by a 
rapid decrease in week three, then remained low the rest of the growout. NH4 
concenh·ations in all tanks ranged from 0.02 - 2 mg/L (Figure 20). NH4 concentrations 
were found to not be significantly different (p = 0.094) between treatments. 
N0 2 concentration in tank 9 experienced a significant increase in week two, then 
had a rapid decrease from week six to week nine and remained low for the rest of the 
growout. Tank 1 0 started with a high concentration and had a rapid decrease in week 
three and then remained low for the rest of the growout. Tank 11 had a rapid increase in 
concentration from week one to week three, then had a rapid decrease in week five and 
remained low until week 16 when tank 11 had an increase in concentration. Tank 12 
had a rapid increase in concentration from week one to week three, followed by a rapid 
decrease in week four and then remained low for the rest of the growout. N02 
concentrations ranged from 0.1 - 9 mg/L and initially reached 7 - 9 mg/L, and then 
decreased dramatically. N02 concentrations were found to not be signifi cantly different 
(p = 0.190) between treatments. 
N03 concentrations were initially low (0.07 - 0.28 mg/L) then, as N02 
concentrations decreased and remained low, N0 3 increased to greater than 210 mg/L 
with tank 10 having a steady increase in concentration from week four to week eight. 
Tank 11 had a steady increase from week five to week 12. Tank 12 had an increase in 
concentration from week six until the end of the growout. N03 concentrations were 
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found to be significantly higher (p = <0.00 1, square root transformed) in the control 
treatment. 
SRP concentration increased in all tanks until week three, when tank 9 started to 
decrease until week seven. Tank 10 generally increased until week seven then started to 
decrease until the end of the grow out. Tank 11 increased from week one to week four, 
and then decreased for the rest of the growout. Tank 12 increased until week seven, and 
then decreased in week eight. SRP ranged from 2 - 20 mg/L. SRP concentrations were 
found to be significantly higher (p = <0.00 1) in the control treatment. Figure 2 1 shows 
that SRP comprised most ofTP in tank II , but concentrations ofSRP were higher than 
TP in some tanks on certain dates in some tanks, possibly due to loss of volume of TP 
sample during autoclaving. All tanks were similar to tank 11 having SRP comprising 
90+% ofTP. 
G rowout 2 Ammonium (NH,. ) 
I Or----------------r======~ 
1
=-.:-- ::: :~ I I. ~ 12 
g 10 






' 'I ~ II 
- -A- Tank 12 
I ~ I I I 
I. " 0 4:6/\0 'tr 




Growout 2 Nitrate (N0 3) 
Ocl 
2~r------------------------. 
... , Jun Seo 
Date 




~ • ! 
1 . 2 0~ 
z 
0 
.. .,. Sep 
Date 
Growout 2 Soluble Reactive Phosphorous (SRP) 
22 ,---------------------------, 
20 
10 0 0 i 16 

































D Tank 11 SRP 
• Tank 11 TP 
Sep-09 
Figure 21. Graph of tank 11 soluble reactive phosphorus vs. total phosphorus in 
growout 2. 
POC concentration in tank 9 decreased from week one until week seven, then 
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increased in week eight, then decreased in week nine (Figure 22). Tank 9 then increased 
in week 11 and 12, and then experienced a decrease from week 13 to week 15. Tank 10 
decreased from week one to week three, then increased from week four to week six. 
POC concentrations in tank 10 stayed relativity constant to the end of the growout. 
Tank 11 increased from week one to week three, then decreased in week four and five. 
Tank 11 increased in week six, and then stayed relatively constant until the last week, 
when tank 11 had a rapid decrease in POC concentration (359- 61 mg/L). Tank 12 had 
a rapid decrease in POC concentration from week one to week two (996- 443 mg/L), 
then continued to decrease until week five. Tank 12 then increased in weeks six and 
seven, then decreased from week eight to week 10, then increased in week 11. Tank 12 
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POC concentration stayed relatively constant for the rest of the growout except for a 
decrease in week 14. POC concentrations ranged from 28- 996 mg/L. POC 
concentrations were not significantly different (p = 0.21 0, repeated measure on ranks) 
between treatments. PON concentrations trends mirrored POC concentrations and 
ranged from 7 - 223 mg/L. PON concentrations were not significantly different (p = 
0.058, sin transformed) between treatments. Particulate C:N ranged from 3.91 - 5.59 in 
all tanks and remained relatively constant throughout the entire growout. Particulate 
C:N was not significantly different (p = 0.854, cos transformed) between treatments. 
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Figure 22. Graphs of POC, PON, and particulate C:N in growout 2. 
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BA ranged from 1.20 x 107 - 6.40 x 107 (Figure 23). Tank 9 had a decrease from 
week one to week three then remained relatively constant for the rest of the growout 
except for an increase in week 11. Tank 10 had an increase from week four to five , 
followed by a decrease in week six then remained relatively constant for the rest of the 
growout. Tank 11 had a rapid increase from week five to week six, followed by a rapid 
decrease in week seven, then remained relatively constant until an increase in week 15 
followed by a decrease in week 16. Tank 12 was relatively constant for the entire 
growout except for an increase in week 10. BA was found to not be significantly 
different (p = 0.933) between treatments. 
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Over the growout temperature ranged from 20.7- 32.0 oc and increased over 
time from 5/19/2009 to 6/25/2009 as outside temperatures increased (Figure 24). From 
6/25/2009 to 9/9/2009 temperature tended to decrease over time. DO concentration 
ranged from 2.69 - 10.5 mg/L and fluctuated over the growout due to intense biologica l 
oxygen demand, water temperature, and the degree of aeration within the tanks. pH 
ranged from 7.52 - 8. 78 and tended to increase over time with all tanks experiencing an 
initial decrease in concentration. Salinity ranged from 21 - 39 g/L with tank 9 hav ing 
concentrations lower than the other tanks due to a rapid decrease from 6/9/2009 to 
6/29/2009 (35 - 21 g/L), then had an increase from 6/29/2009 to 8111/2009. 
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Figure 24. Graph of water quality variab les measured in growout 2. 
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Carbon Budget 
Tank 9 had a major die-off, so no shrimp were collected at harvest. Tank 9 had a 
total input of 103.71 kg of carbon (Figure 25). Feed accounted for 71% (74.34 kg) of 
carbon in tank 9. The dissolved carbon pool accounted for 2% (2.05 kg) of carbon in 
tank 9 at the beginning of the growout with 13% (13.16 kg) of carbon held within the 
particulate pool. The shrimp stocked in tank 9 at the beginning of the grow out 
accounted for 14% (14.16 kg) of carbon. Shrimp were not collected at all during the 
study due to low initial stocking numbers, but their carbon input was estimated by 
multiplying the total weight of the shrimp during stocking by the average percent 
carbon of the shrimp (44.3%), which was estimated by averaging the percent carbon of 
shrimp from growout 1 (45.3%) and growout 3 (43.6%). Tank 9 had 3.37 kg of carbon 
outputs for the growout. The dissolved carbon pool accounted for 49% ( 1.66 kg) of 
carbon in tank 9 at the end of growout with the remaining 51% (1. 71 kg) was held 
within the particulate pool. No shrimp was collected at harvest, but their carbon output 
was estimated by multiplying the total weight of the shrimp at harvest by the average 
percent carbon of the shrimp, which was estimated by averaging the percent carbon of 
shrimp from growout I and growout 3. 
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Figure 25. Graph of the kg carbon and% carbon ofthe inputs and outputs to tank 9 
during growout 2. 
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Tank 10 had a total input of 149.75 kg of carbon (Figure 26). Feed accounted for 
84% (1.25 .37 kg) of carbon in tank 10. The dissolved carbon pool contained 1% (1.92 
kg) of carbon in tank 10 at the beginning of the growout, whi le the particulate pool 
contained 7% (9.98 kg) of carbon. The shrimp stocked in tank 10 at the begi1ming of the 
growout accounted for 8% (1 2.48 kg) of carbon. Tank 10 had a total of 135.67 kg of 
carbon outputs for the growout. The dissolved carbon pool accounted for 2% (2.09 kg) 
of carbon in tank 10 at the end of growout with 13% (18.09 kg) held within the 
particulate pool. The shrimp harvested at the end of the growout accounted for 85% 
(11 5.49 kg) of the carbon in tank 10. 
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Figure 26. Graph ofthe kg carbon and% carbon of the inputs and outputs to tank 10 
during growout 2. 
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Tank 11 had a total input of 123.45 kg of carbon (Figure 27). Feed accounted for 
80% (99.73 kg) of carbon in tank 11. The dissolved carbon pool accounted for 2% (1.96 
kg) of carbon at the beginning of the growout with the particulate pool containing 5% 
(6.09) of the carbon in tank 11. The shrimp stocked in tank 11 accounted for 13% 
(15.67 kg) of carbon. Tank 11 had a total of 15.29 kg of carbon outputs for the growout. 
The dissolved carbon pool accounted for 7% ( 1.14 kg) of carbon in tank 11 at the end of 
growout with 20% (3.04 kg) held within the particulate pool. The shrimp harvested at 
the end of the growout accounted for 73% (11.11 kg) of the carbon in tank 11. 
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Figure 27. Graph of the kg carbon and% carbon of the inputs and outputs to tank 11 
during growout 2. 
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Tank 12 had a total input of 192.81 kg of carbon (Figure 28). Feed accounted for 
63% ( 122.41 kg) of carbon in tank 12. The dissolved carbon pool accounted for 1% (2.1 
kg) of carbon in tank 12 with 26% (49.8 kg) of carbon contained in the particulate pool. 
The shrimp stocked in tank 12 accounted for 10% ( 18.5 kg) of carbon. Tank 12 had a 
tota l of 93.04 kg of carbon outputs for the growout. The dissolved carbon pool 
accounted for 2% (1.93 kg) of carbon in tank 12 at the end ofgrowout with 21 % (19.61 
kg) he ld within the particulate pool. The shrimp harvested at the end of the growout 
accounted for 77% (71.5 kg) of the carbon in tank 12. 
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Figure 28. Graph ofthe kg carbon and % carbon of the inputs and outputs to tank 12 
during growout 2. 
Nitrogen Budget 
Tank 9 had a major die-off, so no shrimp were collected at harvest. Tank 9 had a 
total input of 16.89 kg of nitrogen for the growout (Figure 29). Feed accounted for 56% 
(9.78 kg) of nitrogen in tank 9. The dissolved nitrogen pool contained 5% (0.9 kg) of 
nitrogen and the particulate pool accounted for 16% (2. 72 kg). The shrimp stocked in 
tank 9 accounted for 23% (4.09 kg) of nitrogen. 
Shrimp were not collected at all during the study, but their nitrogen input was 
estimated by multiplying the total weight of the shrimp during stocking by the average 
percent nitrogen of the shrimp (12.8%), which was estimated by averaging the percent 
nitrogen of shrimp from growout 1 (1 2.9%) and growout 3 (12.7%). Tank 9 had a total 
of 0.85 kg of nitrogen outputs. The dissolved nitrogen pool accounted fo r 53% (0.45 kg) 
of nitrogen, while the remaining 47% (0.4 kg) was contained in the particulate pool. No 
shrimp was co llected at harvest for the growout, but their nitrogen output was estimated 
47 
by multiplying the total weight of the shrimp at harvest by the average percent nitrogen 
of the shrimp, which was estimated by averaging the percent nitrogen of shrimp from 
growout 1 and growout 3. 
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Figure 29. Graph of the kg nitrogen and % nitrogen of the inputs and outputs to tank 9 
during growout 2. 
Tank 10 had a total input of22.94 kg of nitrogen for the growout (Figure 30). 
Feed accounted for 71% (I 6.49 kg) of nitrogen in tank l 0. The dissolved nitrogen pool 
contained 4% (0.85 kg) of nitrogen, and the particualte pool contained 9% ( 1.99 kg). 
The shrimp stocked in tank 10 accounted fo r 16% (3.6 1 kg) ofnitrogen. Tank 10 had a 
total of 49. 18 kg of nitrogen outputs. The dissolved nitrogen pool accounted for 24% 
(11.84 kg) of nitrogen in tank 10 with 8% (3.95 kg) contained in the particulate pool. 
The shrimp harvested in tank 10 accounted for 68% (33.39) kg ofnitrogen. 
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Figure 30. Graph of the kg nitrogen and % nitrogen of the inputs and outputs to tank 10 
during growout 2. 
Tank 11 had a total input of 19.52 kg ofnitrogen (Figure 3 1). Feed accounted 
for 67% (13.12 kg) of nitrogen in tank 11. The dissolved nitrogen pool contained 4% 
(0.73 kg) of nitrogen, and the particulate pool contained 6% (1.26 kg). The shrimp 
stocked in tank 1I accounted for 23% (4.53 kg) of nitrogen. Tank II had a total of9.8 
kg of nitrogen output for the growout. The dissolved nitrogen pool accounted for 61% 
(5.96 kg) of nitrogen in tank 11 with 6% (0.63 kg) contained in the particulate pool. The 
shrimp harvested in tank 11 accounted for 33% (3.21) kg of nitrogen 
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Figure 31. Graph ofthe kg nitrogen and % nitrogen of the inputs and outputs to tank 11 
during growout 2. 
Tank 12 had total nitrogen input of32.92 kg for the growout (Figure 32). Feed 
accounted for 49% (16.1 kg) of nitrogen in tank 12. The dissolved nitrogen pool 
accounted for 1% (0.32 kg) of nitrogen in tank 12, and the particulate pool contained 
34% (11.15 kg) of nitrogen. The shrimp stocked in tank 12 accounted for 16% (5.35 kg) 
of nitrogen. Tank 12 had 33.8 kg of nitrogen output for the growout. The dissolved 
nitrogen pool accounted for 27% (9.03 kg) of nitrogen in tank 12 with 12% (4.1 kg) 
contained in the particulate pool. The shrimp harvested in tank 12 accounted for 61% 
(20.67) kg of nitrogen. 
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Figure 32. Graph of the kg nitrogen and % nitrogen of the inputs and outputs to tank 12 
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Figure 33. Graph of the average shrimp mass with percent survival and total harvest 
weight for growout 2. 
Shrimp growth (weight gain) was 0.92 and 0.93 g week-1 (Figure 33) in the 
control treatment and 1.02 g week-1 in the plastic media treatment due to one of the 
plastic media tanks (9) having a complete die-off. Final shrimp weight was 16.9 and 
16.6 g in the control treatment and 18.5 g in the plastic media treatment. Percent 
survival was 77.20% and 7.50% in the control treatment and 43.60% in the plastic 
media treatment. Total harvest weight was 26 1 and 55 kg in the control treatment and 
162 kg in the plastic media treatment. 
Growout Three 
Water Quality data 
5 1 
DOC increased in concentration over time (Figure 34) with decreases in week 
six in all tanks except tank 11 and a decrease in all tanks in week nine except tanks 4, 
10, and 12. Tank 5 had a decrease from week 10 until the end of the grow out, and tank 
6 had a decrease on the last week of the growout. DOC concentrations ranged from 13 -
76 mg/L. DOC concentrations were found to be significantly higher (p=<.OO I) in the LS 
treatment. DON concentrations tended to increase in concentration over time with tank 
3, 4, 5, 6, and 11 having a decrease in concentration in the last week of the growout. 
DON ranged from l - 31 mg/L. DON concentrations were found to be significantly 
higher (p = <0.00 I) in the LS treatment. 
DOC:DON ratios for tank 3 had an overall increase from week one to week six, 
followed by a decrease in week seven and 12 and an increase in week 13. Tank 4 
DOC:DO ratios had an overall increase from week one to week six, followed by an 
overall decrease from week seven until week 12 with an increase in week 13. Tank 5 
DOC: DON ratios had a decrease from week one to week two, followed by an increase 
52 
until week four. From week five to week nine tank 5 DOC:DON ratios had an overall 
decrease and remained relatively constant for the rest of the growout. Tank 6 
DOC:DON ratios had a decrease from week one to week two with an increase in week 
three, followed by a decrease in week four and an increase in week five. Tank 6 
DOC:DON ratios were unable to be calculated due to DON being undetectable in week 
six and had an increase from week seven to week eight with a decrease in week nine. 
Tank 6 DOC:DON ratios were unable to be calculated due to DON being undetectable 
in weeks 10 and 11 and had an increase from week 12 to week 13. Tank 9 DOC:DON 
ratios had a decrease from week two to week four with an increase from week five to 
week seven. Tank 9 DOC:DON ratios had a decrease in weeks eight and nine with an 
increase in week ten followed by a decrease for the rest of the growout. Tank 10 
DOC:DON ratios were relatively constant throughout the growout except for an 
increase in weeks four and five. Tank 11 DOC:DON ratios had an increase from week 
two to week four with a decrease in week five. Tank 11 DOC:DON ratios were unable 
to be calculated due to DON being undetectable in week six. Tank 11 DOC:DON ratios 
had an increase from week seven to week eight and a decrease in week nine. From week 
11 until the end of the growout Tank 11 DOC:DON ratios were relatively constant. 
Tank 12 DOC:DON ratios had a decrease from week one to week three. Tank 12 
DOC:DON ratios were unable to be calculated due to DON being undetectable in week 
five and week six. Tank 12 DOC:DON ratios had an increase from week seven to week 
eight, followed by a decrease until the end of the growout. DOC:DON was found to not 
be significantly different (p = 0.078) between treatments. 
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Figure 34. Graphs of dissolved organic carbon, di sso lved organic nitrogen, and 
DOC:DON in growout 3. 
N H4 concentrations remained low (Figure 35) throughout the entire growout. 
Tanks 3 and 9 had a rapid increase in NH4 concentrations in week four, followed by 
53 
rapid decreases in week fi ve. Tanks 5 and 9 had a rapid increase in week nine, followed 
by a rapid decrease in week 10. All tanks had an increase in concentration of NH4 in the 
54 
last week (11) of the growout. NH4 concentrations ranged from 9.0 x 10-5 - 2 mg/L. NH4 
concentrations were found not to be significantly different (p = 0.172, log transformed) 
between treatments. 
N02 concentrations decreased in all tanks from week one to week three. Tanks 
3, 5, 9, 10, and 12 had a significant increase in concentration in week six fo llowed by a 
decrease in week seven. In week seven tank 6 had a significant increase, followed by a 
decrease in week eight. Tanks 9 and 10 had a significant increase from week eight to 
week 10 followed by a decrease in week 13. Tank 6 had a rapid increase in 
concentration in the last week (13) of the growout. N0 2 concentrations ranged from 2.0 
x 1 o-4 - 9 mg/L. N02 concentrations were found not to be significantly different 
(p = 0.502) between treatments. 
N03 concentrations in the high solids treatment (4,5, 11 ,12) were higher than 
those in the low solids treatment (3 ,6,9,10). Tanks in the low solids treatment had an 
increase in week five with a decrease in week six and remained relatively constant with 
an increase starting in week 10 and continuing until the end of the growout. Tanks in 
the high solids treatment had a significant increase in concentration from weeks 10 to 
12. N0 3 concentrations ranged from 4.0 x 10-3 mg/L - 28 mg/L. N03 concentrations 
were found to be significantly higher (p = 0.004) in the HS treatment. 
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Figure 3 5. Graphs of nutrients measured in growout 3. 
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SRP concentrations increased in all tanks over the entire growout around the 
same rate except tank 12, which had a decrease in P04 concentrations from week 10 
until the end of the growout. SRP concentrations ranged fro m 0.01 - 19 mg/L. SRP 
concentrations were found to be significantly higher (p = <0.00 1, log transformed) in 
the LS treatments. Figure 36 shows that SRP comprised most ofTP in tank 5, but 
concentrations of SRP were higher than TP in some tanks on certain dates possibly due 
to loss of some volume of the TP sample during autoclaving. All tanks were similar to 
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Figure 36. Graph of tank 5 soluble reactive phosphorus vs. total phosphorus in 
growout 3. 
POC concentrations increased over time (F igure 37), and all tanks had a 
significant increase from week one to week two. POC concentrations ranged from 12 -
241 mg/L. POC concentrations were found to be s ignificantly higher (p = <0.001) in the 
HS treatment. PO concentrations increased over time. Tank 5 had a rapid increase in 
concentration in weeks 12 and 13. Tank 6 had a rapid increase in weeks six and seven, 
followed by a rapid decrease in week eight. Tank 12 had a rapid increase in weeks 10 
and II . PON concentrations ranged from 0.3 - 57 mg/L. PON concentrations were 
found to be significantly higher (p = <0.00 I) in the HS treatment. 
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Particulate C:N ranged from 1.86- 89. Tank 3 had an increase from week two to 
week six, followed by a decrease in week seven and then remained relatively constant 
for the rest of the grow out. Tank 4 had a rapid decrease from week one to week two, 
followed by an increase until week four. From week eight until the end of the growout, 
tank 4 C:N ratio stayed relatively constant. Tank 5 had a very rapid increase from week 
two to three (8.54- 166), followed by a rapid decrease in week four (15). From week 
eight until the end of the growout, tank 5 C:N ratio stayed relatively constant. Tank 9 
was relatively constant throughout the entire growout with an increase in the last week 
(13). Tank 10 had a rapid increase from week three to week four, followed by a 
decrease in week five. Tanks 11 and 12 had an initial decrease from week one to week 
two, then stayed relatively constant for the rest of the growout. Particulate C:N ratios 
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Figure 3 7. Graphs of POC, PON, and particulate C:N in growout 3. 
Over the experiment temperature ranged from 26.8 - 32.9 °C (Figure 38) and 
tended to increase over the growout. DO ranged from 3.80- 11.2 mg/L and tended to 
generally increase in concentration over time with DO concentrations being higher 
during the day and lower at night. pH ranged from 7. 14 - 8.47 and had an overall 
decrease in concentration from the beginning of the growout until 7115/2010 and then 
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had an overall increase from 7/25/2010 unti l the end of the growout. Salinity ranged 
from 15.0 - 18.9 giL and had an initial decrease in concentration and then remained 
relatively constant over the entire growout. 
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For growout 3 the use of settling chambers caused a removal of solids from the 
system. These solids (sludge) were added to the outputs of carbon and nitrogen. The 
amount of carbon or nitrogen removed was calculated by multiplying the total amount 
of sludge removed by the percent carbon or nitrogen of the sludge. The percent carbon 
or nitrogen was calcu lated by dividing the POC or PON concentrations by the total 
suspended solids (TSS) concentrations. 
Tank 3 had a carbon input of232.62 kg for the growout (Figure 39). Feed 
accounted for 64.2% (149.42 kg) of carbon for tank 3. The dissolved carbon pool 
accounted for 0.3% (0.65 kg), and the particulate pool contained 0.5% ( 1.26 
kg) of carbon. The shrimp stocked in tank 3 contained 2% (3.9 kg) of carbon. The 
sugar (sucrose) accounted for 33% (77.39 kg) of carbon in tank 3. Shrimp was not 
collected at the beginning of the study due to low initial stocking numbers, but their 
carbon input was estimated by multiplying the total weight of the slu·imp during 
stocking by the average percent carbon of the shrimp, the average percent carbon of the 
shrimp collected during the last 3 weeks of the growout was used . Tank 3 had a total 
carbon output of 146.79 kg of carbon. The dissolved and particulate carbon pools 
accounted for 2% (2.7 kg) and 3% (3.93 kg) of carbon, respectively. The shrimp 
harvested from tank 3 accounted for 41 % ( 60.11 kg) of carbon. The sludge removed 
from tank 3 accounted for 54% (80.05 kg) of carbon. 
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Total Carbon Inputs Totfl l Carbon Outputs 
• s ludge 80.05 54%> 
Sugar 77.39 33% 
• s hrimp 3.9 2% 60.11 41% 
• Particulate 1.26 0.5% 3.93 3% I 
•Dissolved 0.65 0.3% 2.7 2% 
• Feed 149.42 64.2% 
Figure 39. Graph of the kg carbon and % carbon of the inputs and outputs to tank 3 
(low solids) during growout 3. 
Tank 4 had a total carbon input of 232.51 kg for the growout (Figure 40). Feed 
accounted for 64.2% (149.44 kg) of carbon in tank 4. The dissolved carbon pool 
accounted for 0.3% (0.68 kg), and the particulate pool contained 0.5% (0.5 kg). The 
shrimp stocked in tank 4 accounted for 2% (3.87 kg) of carbon in tank 4. Sugar 
accounted for 33% (77.39 kg) of carbon in tank 4. Tank 4 had a total carbon output of 
14 7.16 kg for the growout. The dissolved and particulate carbon pools accounted for 
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2% (I .77 kg) and 3% (3.33 kg) of carbon, respectively. The shrimp harvested from tank 
4 accounted for 4 1% (70.27 kg) of carbon. The sludge removed from tank 4 accounted 
for 54% (71. 79 kg) of carbon. 













Total Carbon Inputs Total Carbon Outputs 
BSludge 71. 79 S4~o 
Sugar 77.39 33% 
a Shrimp 3.87 2% 70.27 41 % 
BPa.ticulate 1.1 3 0.5% 3.33 3% 
•Dissolved 0.68 0.3% 1.77 J.% 
BFeed 149.44 64.2% 
Figure 40. Graph of the kg carbon and% carbon of the inputs and outputs to tank 4 
(high solids) during growout 3. 
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Tank 5 had a total input of232.5 kg of carbon for the growout (Figure 41). Feed 
accounted for 64.3% (149.62 kg) of carbon. The dissolved carbon pool accounted for 
0.3% (0.7 kg) of carbon, and the particulate pool contained 0.4% (0.94 kg). The shrimp 
stocked in tank 5 accounted for 2% (3.85 kg) of carbon. Sugar accounted for 33% 
(77.39 kg) of carbon. Tank 5 had a total carbon output of 112.22 kg for the growout. 
The dissolved and particulate carbon pools accounted for I% (1 .52 kg) and 10% (1 1.31 
kg) of carbon, respectively. The shrimp harvested from tank 5 accounted for 38% 
(42.49 kg) of carbon. The sludge removed from tank 5 accounted for 51% (56.9 kg) of 
carbon. 
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Figure 41. Graph ofthe kg carbon and% carbon of the inputs and outputs to tank 5 
(high solids) during growout 3. 
Tank 6 had a total carbon input of 233.04 kg for the growout (Figure 42). Feed 
accounted for 64.1 % (149.6 kg) of carbon. The di ssolved carbon pool accounted for 
0.3% (0.67 kg) and the particulate pool accounted for 0.6% (1.37 kg). The shrimp 
stocked in tank 6 accounted for 2% ( 4.01 kg) of carbon. The sugar contained 33% 
(77.39 kg) of carbon. Tank 6 had a total carbon output of 172.72 kg for the growout. 
The dissolved and particulate carbon pools accounted for 1% (2.23 kg) and 2% (3.4 1 
kg) of carbon, respectively. The shrimp harvested from tank 6 accounted for 32% 
(55.23 kg) of carbon. The sludge removed from tank 6 accounted for 65% ( 111 .85 kg) 
of carbon. 
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• Sludge 11 1.85 65~o 
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•Pmticulate 1.3 7 0.6°o 3.41 2°o 
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Figure 42. Graph ofthe kg carbon and% carbon of the inputs and outputs to tank 6 
(low solids) during growout 3. 
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Tank 9 had a major die-off, so no shrimp were collected at harvest. Tank 9 had a 
total carbon input of219.01 kg for the growout (Figure 43). Feed accounted for 60% 
(13 1.47 kg) of carbon in tank 9. The dissolved carbon pool contained 0.3% (0.68 kg), 
and the particulate pool contained 0.4% (0.96 kg). The shrimp stocked in tank 9 
accounted for 1.7% (3.77 kg) of carbon. The sugar accounted for 37.6% (82.1 3 kg) of 
carbon. Tank 9 had a total carbon output of 5.07 kg for the growout. The dissolved 
carbon pool accounted for 53% (2.69 kg) of carbon wi th the remaining 47% (2.38 kg) 
contained in the particulate pool. 
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82.13 37 .6°o 
3.77 1 - o . 0 
0.96 0_-lO 0 2.38 47% 
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131.-l 7 60'}o 
Figure 43. Graph of the kg carbon and % carbon of the inputs and outputs to tank 9 
(low solids) during growout 3. 
Tank 10 had a total carbon input of232.35 kg of carbon (Figure 44). Feed 
accounted for 64.5% (149.6 kg) of carbon for tank 10. The dissolved carbon pool 
66 
contained 0.3% (0.72 kg) of carbon, and the particulate pool contained 0.2% (0.58 kg). 
The shrimp stocked in tank I 0 accounted for 2% ( 4.06 kg) of carbon. The sugar 
accounted for 33% (77.39 kg) of carbon. Tank 10 had a total carbon output of 142.37 kg 
for the growout. The dissolved and particulate carbon pools accounted for 3% (3.82 kg) 
and 2% (2.6 1 kg) of carbon respectively. The shrimp harvested from tank 10 accounted 
for 47% (66.6 1 kg) of carbon. The sludge removed from tank 10 accounted for 48% 
(69.33 kg) of carbon. 
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Figure 44. Graph of the kg carbon and % carbon of the inputs and outputs to tank 10 
(low solids) during growout 3. 
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Tank ll had a total carbon input of 23 1.58 kg for the growout (Figure 45). Feed 
accounted for 64% (148.9 kg) of carbon. Both the dissolved carbon pool and the 
particulate pool accounted for 0.3% (0.67 kg and 0.71 kg) of carbon. The shrimp 
stocked in tank ll accounted for 2% (3.9 1 kg) of carbon. The sugar accounted for 
33.4% (77.39 kg) of carbon. Tank ll had a total carbon output of96 kg for the growout. 
The dissolved and particulate carbon pools accounted for 2% (1.86 kg) and 10% (9.93 
kg) of carbon, respectively. The shrimp harvested from tank 11 accounted for 41 % 
(39.3 kg) of carbon. The sludge removed from tank II accounted for 47% (44.91 kg) of 
carbon. 
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Sludge I 44.91 4 7°o 
Sugar 77.39 33.4° o 
• Shrimp I 3.91 2°o 39.3 41 <? o I 
• Pa1ticulate 0.71 0.3°o 9.93 l O~o 
•Dissolved 0.67 0.3% 1.86 " 0 ' 
- 0 
• Feed 148.9 64% 
Figure 45. Graph of the kg carbon and % carbon of the inputs and outputs to tank 11 
(high solids) during growout 3. 
Tank 12 had a total carbon input of 232.8 kg for the growout (Figure 46). Feed 
accounted for 64.3% (149.68 kg) of carbon. The dissolved carbon pool accounted for 
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0.3% (0.73 kg), and the particulate pool contained 0.4% (0.85 kg). The shrimp stocked 
in tank 12 accounted for 2% (4.15 kg) of carbon. The sugar accounted for 33% (77.39 
kg) of carbon. Tank 12 had a total carbon output of 105.67 kg for the growout. The 
dissolved and particulate carbon pools accounted for 2% (2.08 kg) and 10% (1 0.87 kg) 
of carbon, respectively. The shrimp harvested from tank 12 accounted for 39% (40.69 
kg) of carbon. The sludge removed from tank 12 accounted for 49% (52.03 kg) of 
carbon. 
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Sludge 52.03 49% 
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Figure 46. Graph of the kg carbon and% carbon of the inputs and outputs to tank 12 
(h igh so lids) during growout 3. 
Nitrogen Budget 
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Tank 3 had a tota l nitrogen input of 21.24 kg for the growout (F igure 4 7). Feed 
accounted for 92% (19.46 kg) of nitrogen. The dissolved nitrogen pool accounted for 
2% (0.40 kg) of nitrogen and the particu late pool contained 1% (0.23 kg). The shrimp 
stocked in tank 3 contained 5% (1.15 kg) of nitrogen in tank 3. Tank 3 had an output 
total of 32.79 kg for the growout. The dissolved nitrogen pool accounted for 3% (0.91 
kg), and the particulate pool contained 2% (0. 78 kg) of nitrogen. The shrimp harvested 
from tank 3 accoun ted for 54% (1 7.67 kg) ofnitrogen. The sludge taken from tank 3 
accounted for 4 1% ( 13.43 kg) of nitrogen. 
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lSludge 13.43 41°o 
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Figure 47. Graph of kg nitrogen and % nitrogen of the inputs and outputs to tank 3 (low 
solids) during growout 3. 
Tank 4 had a total nitrogen input of 20.96 kg for the growout (Figure 48). Feed 
accounted for 92.9% (19.47 kg) of nitrogen. The di ssolved nitrogen pool accounted for 
2% (0.34 kg), and the particulate pool accounted for 0. 1% (0.03 kg). The shrimp 
stocked in tank 4 accounted for 5% ( 1. 12 kg) of nitrogen. Tank 4 had a nitrogen output 
total of 35.9 kg for the growout. The dissolved nitrogen pool accounted for 3% ( 1.1 1 
kg) and the particulate pool contained 2% (0.60 kg) of nitrogen. The shrimp harvested 
from tank 4 accounted for 56% (20.30 kg) of nitrogen. The sludge taken from tank 4 
accounted for 39% (1 3.89 kg) of nitrogen. 
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Figure 48. Graph of kg nitrogen and % nitrogen of the inputs and outputs to tank 4 
(high solids) during growout 3. 
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Tank 5 had a total nitrogen input of 20.96 kg for the growout (Figure 49). Feed 
accounted for 92.9% (19.49 kg) of nitrogen in tank 5. The dissolved nitrogen pool 
accounted for 2% (0.34 kg) and the particulate pool contained 0.1 % (0.02 kg). The 
shrimp stocked in tank 5 accounted for 5% (1.1 1 kg) ofnitrogen in tank 5. Tank 5 had a 
nitrogen output total of24.57 kg for the growout. The dissolved nitrogen pool 
accounted for 6% (1.56 kg), and the particulate pool contained 9% (2.25 kg) of 
nitrogen. The shrimp harvested from tank 5 accounted for 51% (12.36 kg) of nitrogen. 
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Figure 49. Graph of kg nitrogen and % nitrogen of the inputs and outputs to tank 5 
(high solids) during growout 3. 
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Tank 6 had a total nitrogen input of 21.27 kg for the growout (Figure 50). Feed 
accounted for 92% (19.49 kg) of ni trogen in tank 6. The dissolved nitrogen pool and 
particu late pool both contained 1% (0.30 kg) of nitrogen. The shrimp stocked in tank 6 
accounted for 6% (1. 18 kg). Tank 6 had a nitrogen output total of 40.51 kg for the 
grow out. The dissolved nitrogen pool accounted for 3% ( 1.16 kg), and the particulate 
pool conta ined 1% (0.5 1 kg) of nitrogen. The shrimp harvested from tank 6 accounted 
for 40% ( 16.2 1 kg) of nitrogen. The sludge taken from tank 6 accounted for 56% (22.63 
kg) of nitrogen. 
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Figure 50. Graph of kg nitrogen and% nitrogen of the inputs and outputs to tank 6 (low 
solids) during growout 3. 
Tank 9 had a major die-off, so no shrimp were collected at harvest. Tank 9 had a 
total nitrogen input of 18.74 kg for the growout (Figure 5 1). Feed accounted for 9 1% 
( 17. 13 kg) of nitrogen in tank 9. The dissolved nitrogen pool accounted for 2% (0.36 
kg), and the particulate pool contained 1% (0.14 kg). The shrimp stocked in tank 9 
accounted for 6% ( 1.11 kg) of the nitrogen in tank 9. Tank 9 had a total nitrogen output 
of0.73 kg for the growout. The di ssolved nitrogen pool accounted for 80% (0.58 kg) of 
nitrogen with the remaining 20% (0.15 kg) contained in the particulate pool. 
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Figure 51. Graph of kg nitrogen and % nitrogen of the inputs and outputs to tank 9 (low 
solids) during growout 3. 
Tank 10 had total nitrogen input of20.98 kg for the growout (Figure 52). Feed 
accounted for 92.9% (19.49 kg) of nitrogen in tank 10. The dissolved nitrogen pool 
contained 2% (0.32 kg) of nitrogen, and the particulate pool accounted for 0.1 % (0.03 
kg). The shrimp stocked in tank I 0 accounted for 5% ( 1.14 kg). Tank 10 had a nitrogen 
output total of 29.09 kg for the growout. The dissolved nitrogen pool accounted for 3% 
(I kg), and the particulate pool contained 0.8% (0.26 kg) of nitrogen. The shrimp 
harvested from tank 10 accounted for 65% (18. 77 kg) of nitrogen. The sludge taken 
from tank 10 accounted for 31.2% (9.06 kg) of nitrogen. 
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Figure 52. Graph of kg nitrogen and% nitrogen of the inputs and outputs to tank 10 
(low solids) during growout 3. 
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Tank 11 had a total nitrogen input of 20.89 kg for the growout (Figure 53). Feed 
accounted for 92.8% (19.40 kg) of nitrogen in tank 11. The dissolved nitrogen pool 
accounted for 2% (0.32 kg) and the particulate pool contained 0.2% (0.04 kg). The 
shrimp stocked in tank 11 accounted for 5% (1.13 kg) of nitrogen in tank 11. Tank 11 
had a nitrogen output total of 22.71 kg for the growout. The dissolved nitrogen pool 
accounted for 6% (1.30 kg), and the particulate pool contained 9% (2.02 kg) of 
nitrogen. The shrimp harvested from tank 11 accounted for 50% (11.37 kg) ofnitrogen. 
The sludge taken from tank 11 accounted for 35% (8.02 kg) of nitrogen. 
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Figure 53. Graph of kg nitrogen and % nitrogen of the inputs and outputs to tank 11 
(high solids) during growout 3. 
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Tank 12 had a total nitrogen input of 21. 13 kg for the growout (Figure 54). Feed 
accounted for 92% (19.50 kg) of nitrogen in tank 12. The dissolved nitrogen pool 
accounted for 1.8% (0.3 1 kg) and the particulate pool accounted for 0.2% (0.05 kg). 
The shrimp stocked in tank 12 accounted for 6% (1.27 kg) of nitrogen. Tank 12 had a 
nitrogen output total of24.73 kg for the growout. The dissolved nitrogen pool 
accounted for 8% (1.87 kg), and the particulate pool contained 8% (2.02 kg) of 
nitrogen. The shrimp harvested from tank 12 accounted for 50% (12.43 kg) of nitrogen. 
The sludge taken from tank 12 accounted for 34% (8.41 kg) of nitrogen. 
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Figure 54. Graph of kg nitrogen and % nitrogen ofthe inputs and outputs to tank 12 
(high solids) during growout 3. 
Stable Isotope analysis 
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Shrimp was collected during the last three weeks (11 , 12, and 13) of growout 3. 
The 8 13C values of shrimp (Figure 55) in tank 3 ranged from -20.1 - -20.3 per mil, tank 
6 ranged from -20.1 - -21.6 per mil, tank 9 ranged from -20.5 - -2 1.3 per mil, and tank 
10 ranged from -2 1 - -2 1.8 per mil. All tanks were relatively constant for the last three 
weeks. 
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Figure 55. Plot of growout 3 low solids treatment shrimp o13C values vs. time. 
The o13C values of shrimp (Figure 56) in tank 4 ranged from -20.1 - -20.5 per 
mil, tank 5 ranged from -20- -20.7 per mil, tank 11 ranged from -20- -20.6 per mi l, 
and tank 12 ranged from -20 - -20.4 per mil. All tanks were relatively constant for the 
last three weeks. Shrimp median o 13C va lues were found to be statistically different 
between treatments (p = <0.00 1) with the HS treatment being slightly more enriched 
than the LS treatment. 
Growout 3 Shrimp High Solids 613C 
-15 













• Tdnk 4 
Tank ll 
Tdnk 12 
Figure 56. Plot of growout 3 high solids treatment shrimp 8 13C values vs. time. 
The 815N values for shrimp in tank 3 ranged from 8.1 - 8.6 and remained 
relatively constant (Figure 57). Tank 6 ranged from 7.8 - 9.1 and slightly decreased 
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from week 12 to week 13. Tank 9 ranged from 8. 8 - 9. 7 and increased from week I I to 
week 13. Tank 10 ranged from 8.1- 9.9 and increased from week 11 to week 12 and 
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Figure 57. Plot of growout 3 low solids treatment shrimp o 15N values vs. time. 
The o15N values for shrimp in tank 4 ranged from 8.4- 9.2 and increased from 
week 11 to week 12 followed by a decrease in week 13 (Figure 58). Tank 5 ranged from 
8.4 - 9.3 and had a decrease from week 11 to week 12. Tank 11 ranged from 8.9- 9.5 
and had a slight decrease from week 11 to week 12 and a slight increase from week 12 
to week 13. Tank 12 ranged from 8.5 - 9.4 and had a slight decrease fi·om week II to 
week 12 and a slight increase from week 12 to week 13. Shrimp median o15N va lues 
were found to be statistically different (p = 0.002) with the HS treatment being more 
enriched (heavier) than the LS treatment. 
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Figure 58. Plot of growout 3 high solids treatment shrimp 815N values vs. time. 
The 8 13C values for biofloc were much more variable than that of the shrimp. 
Tank 3 ranged from -22.7 - -1 7.9 per mil (Figure 59) and had an overall increase from 
week four to week 10, then had a decrease for the rest of the grow out. Tank 6 ranged 
from -23- -17.7 per mil and had a signifi cant increase from weeks four to five, 
followed by a decrease in week six. From week eight to the end of the growout 813C 
values stayed relativity constant. Tank 9 ranged from -22.3 - -15.6 per mil and had a 
decrease from week four to week six. From week seven to the end of the growout tank 9 
had an increase in 8 13C values. Tank 10 ranged from -23.9 - -17.9 per mil and had a 
decrease from weeks three to four, then had an increase in week fi ve. From weeks six to 
10 tank I 0 had a decrease with an increase in week seven and then remained relati vely 
constant unti l the end of the growout. 
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Figure 59. Plot of growout 3 low solids biofloc 813C values vs. time. 
The 813C values for biofloc in tank 4 ranged from -22.1 - -1 7.6 per mil (Figure 
60) and had a decrease from week two to four and had an increase from week seven 
until the end of the growout. Tank 5 ranged from -23 - -17.5 per mil and had a 
decrease from week five to nine, followed by an increase for the rest of growout. Tank 
11 ranged from -21.9- -18.4 per mil and was relatively constant from weeks two to 
four and then varied from week to week. Tank 12 ranged from -22.9- -18.6 per mil 
and had a decrease from weeks five to seven and then had an overall increase for the 
rest of the growout. Biofloc median 813C va lues were found to not be sign ificantly 
different between treatments (p = 0.899). 
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Figure 60. Plot of growout 3 high solids treatment biofloc 8 13C values vs. time. 
The 8 15N values for biofloc in tank 3 ranged from 5.4- 7.7 (Figure 61) and was 
relatively constant for the entire growout. Tank 6 ranged from 3.1 - 12.5, had a 
decrease from weeks four to five, followed by an increase in week five. From weeks 
eight to 10 tank 6 8 15N values were relatively constant with a decrease in week 12 and a 
rapid increase in week 13. Tank 9 ranged from 6.6- II and had a decrease from weeks 
five to eight, followed by an increase to week 12. Tank l 0 ranged from 5.8 - 11.4 with 
an overall decrease from weeks two to seven and then remained relatively constant for 
the rest of the growout. 
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Figure 61. Plot ofgrowout 3 low solids biofloc 8 15N values vs time. 
+ Tank 3 
• Tank 6 
Tank 9 
X Tank 10 
The 815N values for biofloc in tank 4 ranged from 4.8 to 12.4 (Figure 62) and 
had an overall decrease from weeks two to eight. From week nine to week 10 tank 4 
84 
8 15N values had an increase and then decreased for the rest of the growout. Tanks 5 and 
11 ranged from 5.6- 12.6 and 7.9- 12.1, respectively, and followed the same trends 
as tank 4. Tank 12 ranged from 7.2- 12.4 and had an overall decrease from weeks two 
to eight followed by an increase week nine . From week 11 to the end of the growout 
tank 12 8 15N values remained relatively constant. Biofloc median 8 15N values were 
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Figure 62. Plot of growout 3 high solids biofloc 815N values vs. time. 
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+ Tank 4 
Tank 11 
· Tank 12 
There were two food sources available to the shrimp. The first food source was 
the biofloc (8 13C = -20.2±0.49; 815N =7.56±0.88) for the LS treatment and (8 13C =-
20.4±0.30; 8 15N =9.29±0.30) for the HS treatment. The second food source was the feed 
(8 13C =-23.5±0.23; 8 15N =7.13±0.29) for both the LS and HS treatment. The trophic 
fractionation values used were 1 %o for carbon and 2.4 %o for nitrogen. In the LS 
treatment, tank 3 had average biofloc 8 13C and 815N values of -21 .4 and 6.47, 
respectively. Tank 3 had average shrimp 8 13C and 815N values of -20.3 and 8.34. Tank 6 
had average biofloc 8 13C and 815N va lues of -1 8.6 and 7.86 and average shrimp 813C 
and 815N va lues of -21 and 8.35, respectively. Tank 9 had average biofloc 8 13C and 
8 15N values of - 17.8 and 9.5 1. Tank 9 had average shrimp 8 13C and 815N values of -21 
and 9.28, respectively. Tank 10 had average biofloc 8 13C and 8 15N values of -19.3 and 
6.86 and average shrimp 8 13C and 8 15N values of -2 1.2 and 8.96, respective ly (Figure 
63). 
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In the HS treatment tank 4 had average biofloc 8 13C and 815N values of -18.9 
and 7.28, respectively. Tank 4 had average shrimp 8 13C and 815N values of -20.3 and 
8.34. Tank 5 had average biofloc 8 13C and 8 15N values of - 19.8 and 10.7 1 and average 
shrimp 8 13C and 815N values of -20.3 and 8.88, respectively. Tank 11 had biofloc 8 13C 
and 815N values of -20.3 and 9.32, respecti vely. Tank 11 had average shrimp 8 13C and 
815N va lues of -20.3 and 9. 14, respective ly. Tank 12 had average biofloc 8 13C and 815N 
va lues of -1 9.5 and 9.36 and average shrimp values of -20.1 and 9.03, respectively 
(Figure 64). 
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Figure 63. Plot of average 8 13C and 8 15N values of shrimp in low solids treatment along 
with two food sources: average feed and biofloc plus average feed and biofloc corrected 
with fractionation values. 
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Figure 64. Plot of average 8 13C and 8 15N values of shrimp in high solids treatment 
along with two food sources: average feed and biofloc plus average feed and biofloc 
corrected with fractionation values. 
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Shrimp growth (weight gain) ranged from 1.67 - 1.74 g week·1 (Figure 65) in the 
low solids (LS) treatment and 1. 18 - 1.52 g week·1 in the high solids (HS) treatment. 
Final shrimp weight ranged from 21.7-22.7 gin the LS treatment and 15.3- 19.7 g in 
the HS treatment. Percent survival ranged from 43.9- 54.5% in the LS treatment and 
41.7- 66.5% in the HS treatment. Percent survival was found not to be significant (p = 
0.483) between treatments. Feed conversion ratio (FCR) ranged from 2.3 - 2.7 in the 
LS treatment and 2.0- 4.0 in the HS treatment. Total harvest weight ranged from 124.4 
- 148.26 kg in the LS treatment and 88.6 - 164 kg in the HS treatment. Total harvest 
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Some water quality parameters where shown to be significantly different 
between the low density (I OO/m3) and high density ( 400/m3) treatments. DOC 
concentrations were significantly higher in the low density treatment, possibly due to a 
massive die-off of shrimp occurring in all of the low density tanks and one of the high 
density treatments (tank 10), which lead to higher dissolved carbon concentrations due 
to decomposition of the dead shrimp. DON concentrations were not found to be 
significantly different between treatments. DON in all tanks was found to be Jess than 
one percent of the TDN, meaning DIN dominated the TDN pool. TDN concentrations 
were not found to be significantly different. NH4 and N03 concentrations were found to 
not be significantly different. N02 concentrations were found to be significantly higher 
in the high density treatment due to tank 4 having a rapid ri se in concentration in week 
three and week four, while the rest of the tanks had low concen trations throughout the 
entire growout. The particulate C:N ratio was not found to be significantly different. 
Bacterial abundance had concentrations in the range of I 0 7 cell s per ml through the 
entire growout which is comparable to other studies (Bratvold and Browdy, 2001; 
Burford et al., 2003), suggesting that the bacteria had reached their carrying capacity in 
the tanks early in the growout and remained at carrying capacity. BA was found to be 
significantly higher in the high density treatment. Since the bacterial abundance did not 
change through the growout, it is possible the nitrifying bacteria may have had a large 
enough population at the start of the growout to undergo nitlification but may be 
waiting on specific chemical signals instead. 
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The carbon inputs were dominated by feed in tank 4, possibly due to tank 4 
being active the longest without a complete die-off, and tank 4 had the most feed added. 
Tank 5 carbon inputs were dominated by the dissolved carbon fraction, possibly due to 
tank 5 having recycled water that already had a high concentration of DOC. Tank 9 
carbon inputs were dominated by both feed and the dissolved carbon fraction, possibly 
due to tank 9 having recycled water that already had a high concentration of DOC, and 
tank 9 also had the second most feed added. Tanks 10 and 11 carbon inputs were 
dominated by the feed, dissolved organic carbon, and the stocking shrimp, possibly due 
to both tanks being stocked with new Davis bayou water and having the least amount of 
feed added. All tanks except for tank 10 had carbon outputs being dominated by the 
particulate fraction, suggesting that the microbial community was effectively 
assimilating the carbon from the feed and dissolved fraction. The nitrogen inputs for 
tanks 4 and 9 were dominated by the feed, possibly due to both tanks lasting the longest 
without having a complete die-off and having the most feed added. The nitrogen inputs 
for tanks 5, 10, and 11 were dominated by both stocking shrimp and feed. The nitrogen 
outputs were dominated by the dissolved nitrogen fraction in tanks 4, 10, and 11 . Tanks 
5 and 9 nitrogen inputs were dominated by both the dissolved and particulate nitrogen 
fractions. The uptake ofNH4 and N02 and an increase in N03 concentrations suggest 
that nitrification was taking place in the tanks. Due to the sudden die-offs of shrimp in 
all the tanks, none were able to be sampled to see bow much carbon or nitrogen were 
incorporated into shrimp biomass or how density affected shrimp survival and growth. 
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Growout 2 
DOC concentrations were not found to be significant between treatments with 
and without plastic media. DON concentrations and DOC:DON ratios were not found to 
be significant between treatments. TON and N0 3 concentrations were found to be 
higher in the control treatment, suggesting that a nitrifying population was establi shed 
in the control treatment faster than the bioball treatment since N03 is the end result of 
nitrification, and N0 3 would have had more time to accumulate in the control treatment. 
NH4 and N02 concentrations were not found to be significant between treatments. POC, 
PON, and the particulate C:N ratio were not found to be significantly different between 
treatments. Bacterial abundance was found to not be significantly different between 
treatments. Bacterial abundance had concentrations in the range of 107 cells per ml for 
the entire growout, simi lar to what was observed in growout one, which further 
suggests that the bacteria had reached their carry capacity in the water column and 
stayed at that carrying capacity during the entire growout. It is still unknown whether 
the bacteria species diversity changed during the growout. In future studies identifying 
and quantifying individual species of bacteria would give a better view of the 
biodiversity of the system and how bacteri al populations change during grow outs. 
The carbon input for all tanks was dominated by feed with the carbon output 
being dominated by the shrimp at harvest except for tank 9, which had a major shrimp 
die-off. Tank 9 carbon outputs were dominated by both the dissolved and parti culate 
carbon fraction. This suggests that that shrimp were effectively assimilating carbon into 
their biomass. The carbon pool was dominated by the particulate fraction with 
concentrations of POC being up to 23 times higher than DOC. Thick microbial mats 
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formed on the top of each of the tanks and may also account for the particulate fraction 
being higher than the dissolved fraction. The nitrogen inputs for all tanks were 
dominated by the feed. The nitrogen output for tank 9 was dominated by the dissolved 
and particulate nitrogen fraction due to tank 9 having a major shrimp die-off. The 
nitrogen outputs for tanks 10 and 12 were dominated by shrimp at harvest. Tank 11 
nitrogen output was dominated by the dissolved nitrogen fraction, possibly due to tank 
11 having a shrimp survival rate of8%. Tanks 10 and 12 had 68% and 61% ofthe 
nitrogen in the system incorporated into shrimp biomass, respectively. This is high 
compared to a similar study conducted by Hari et al. (2004) that had 28.9% to 45.3% of 
the nitrogen inputs being converted to shrimp biomass. This number may be high due to 
no shrimp being collected and having to be estimated based upon shrimp data from 
growouts one and three. Tank 10 only had 33% of the nitrogen in the system 
incorporated in the shrimp. The nitrogen pool had dissolved concentrations that were 
equal to or slightly above the particulate fraction with N03 as the dominate dissolved 
nitrogen species. 
The shrimp had simi lar growth in both treatments and continued to grow each 
week even in tanks that had large mortalities . This suggests that the die-offs were 
sudden events and individual shrimp health was not compromised throughout the 
growout. The cause of the die-offs is unknown; nitrite values were elevated in the 
beginning of growout until week four, but were still within the safe range as described 
by Tsai and Chen (2002). 
There was no statistical evidence in the measured chemical parameters between 
the treatments that showed that the plastic media allowed for a rapid establishment of a 
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nitrifying population. However, there were only two replicates for each treatment, and 
the plastic media treatment had one replicate (tank 9) have a complete die-off in week 
five. The value of an increased surface area could still be useful by allowing nitrifying 
bacteria to establish a population sooner and prevent a buildup of nitrite and reduce 
stress on shrimp by providing a stable environment sooner. 
Growout 3 
DON concentrations were found to be significantly higher in the LS treatment. 
TON concentrations and N03 concentrations were found to be significantly higher in 
the HS solids treatment, likely due to nitrification taking place in the HS treatment 
where a higher concentration ofbiofloc would provide more surface area for nitrifying 
bacteria to establish a population as opposed to the LS solids treatment. With N03 
concentrations higher in the HS treatment and being the dominate dissolved inorganic 
nitrogen species, the DON concentrations in the HS treatment were a lower percentage 
of TON, whi le the reverse was true in the LS treatment with lower N03 concentrations 
leading to DON concentrations being a larger percentage ofTDN. With low 
concentrations ofN02 and the continual accumulation ofN03 it is assumed that 
nitrification was occurring in the high so lids treatment. Nitrification wou ld have caused 
N03 to accumulate in the HS treatment and have significantly higher concentrations of 
N03 than the LS treatment, where N03 was not accumulating. NH4 and N02 
concentrations were not found to be sign ificant between treatments. POC and PON had 
significantly higher concentrations in the HS treatment. Since the HS treatment 
contained a larger concentration of biofloc, there were more particulates in the water 
column than in the LS treatments, which wou ld lead to the HS treatment having a 
96 
higher concentration of POC and PON. Particulate C:N was not found to be significant 
between treatments. 
Carbon inputs were dominated by the feed in all tanks with the outputs being 
dominated by the sludge and shrimp at harvest in all tanks except tank 9, which had 
carbon outputs dominated by the dissolved and particulate carbon fraction due to tank 9 
having a major shrimp die-off. A large portion of the total carbon was removed from the 
system from the settling tanks in the form of sludge, suggesting that the settling tanks 
can be an effective means to control the amount of particles in the water column, which 
can lead to improved water quality as Ray et al. (2010a) demonstrated. The carbon pool 
for the LS treatment had particulate concentrations that were equal to or a little above 
the concentrations of the dissolved fraction. The carbon pool for the HS treatment had 
POC concentrations that were equal to or up to eight times as high as the dissolved 
fraction. Nitrogen input was dominated by the feed in all tanks with nitrogen outputs 
being dominated by the sludge and shrimp at harvest in all tanks except tank 9, which 
had carbon outputs dominated by the dissolved and particulate carbon fraction due to 
tank 9 having a major shrimp die-off. This suggests that settling tanks can remove a 
significant amount of nitrogen from the system, which could help prevent nitrite and 
nitrate from accumulating in the tanks to hazardous levels (Ray et al. , 2010a; Ray et al. , 
2010b). Tanks 3, 4, 5, 11 , and 12 had 50- 56% of nitrogen in the system incorporated 
into shrimp biomass, which is high compared to a similar study (Hari et al. , 2004) 
which reported 28.9 - 45.3% of the nitrogen inputs being converted to shrimp biomass. 
Tank 6 had 40% of nitrogen in the system incorporated into shrimp biomass with tank 
10 having 65% of nitrogen in the system incorporated into shrimp biomass. Also the 
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nitrogen outputs contained more nitrogen than the inputs; this could be due to the 
overestimation of the amount of nitrogen removed from the sludge, since the sludge was 
not collected directly. It is also possible that nitrogen fixation was occurring in the 
tanks, which would have added in nitrogen from the atmosphere and would not have 
been accounted for in the inputs to the tanks. The amount of nitrogen in the outputs of 
the tanks ranged from 2 to 19 kg more than the inputs to the tanks. In order for nitrogen 
fixation to have made up the excess of nitrogen, the fixation rates wou ld have had to 
range from 0.227 - 2.16 g N m-2 dai1• Nitrogen fixation rate for a shrimp pond was 
determined to be 0.057 g N m-2 day-1 and nitrogen fixation rates observed in various 
environments have been determined to be 0.002 g N m-2 day-' for the open ocean, 0.003 
g N m-2 dai1 for estuaries and 0.025 g N m-2 dai' for eutrophic lakes (Hargreaves, 
1998; Howarth et al., 1988; Konno et al., 201 0). With the highest observed rate (0.025 g 
N m-2 dai 1) in the natural environment being 10 times less than the lowest fixation rate 
for the shrimp tanks, it seems improbable that the difference observed in nitrogen 
between the inputs and outputs was due solely to nitrogen fixation. The nitrogen pool 
for both the LS and HS treatments had the particulate and dissolved fractions being 
equal or slightly higher. 
The simple mixing model to determine what percentage of the biofloc and feed 
the shrimp were utilizing was not able to be used due to the average del values of the 
biofloc being more enriched than the shrimp del values. This may be due to the biofloc 
containing consumers that could also be eating feed as well as consuming dead shrimp 
in the tanks. The del values of both 13C and 15N for the shrimp were consistent for the 
last three weeks they were sampled. This suggests that the shrimp were eating a food 
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source with a constant carbon and nitrogen isotopic signature. This would lean towards 
the feed as the food source since the isotopic signatures for the biofloc were variable 
through the growout. Shrimp feed that is made with fi sh meal has been found to have a 
dry matter digestibility content of 80% to 90% for litopenaeus vannamei (Cruz-Suarez 
et al., 2007; Yang et al., 2009). This means that 10 - 20% of the feed is unable to be 
digested by the shrimp. This indigestible component of the feed may be various fillers 
and binders that are used in the shrimp feed. This 10 - 20% of the feed that is 
indigestible by the shrimp still contributes to the isotopic signature of the feed but 
would not transfer trophically to the shrimp. This means that it is possible that the 
shrimp are mainly eating the feed, but only the isotopic signature of the digestible 
components of the feed are passed on trophically to the shrimp. If the feed was the only 
food source of the shrimp and fractionation values of 1 %o for carbon and 2.4 %o for 
nitrogen were used, then the isotopic signatures ofthe feed would be -19.6 for 13C and 
6.4 for 15N. The actual isotopic signatures of the feed were -23 .5 for 13C and 7.1 for 15N. 
The shrimp had similar growth rates in each treatment and had growth every 
week of the growout. There was no statistical difference between groups in percent 
survival, but the survival rates were low, possibly due to a nitrite spike in the nursery 
fo llowed by the stress of being stocked that could have lead to large shrimp mortalities 
in the beginning of the grow out. There was no stati stical difference between treatments 
for harvest weight. This suggests that the tanks having a high concentration of solids 
compared to a low concentration of solids did not have an effect on shrimp production. 
In conclusion, since there was a complete shrimp die-off in growout one, the 
effects of density were not able to be assessed. lt is possible that the die-off was due to 
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stress induced by constantly changing sa linity with in the tanks. Tank 5 experienced a 10 
giL drop in salinity from week three to week four and the other tanks had an increase in 
salinity almost every week. 
l hypothesized that nitrification would occur in all the tanks but that the tanks 
containing plastic media would have a higher concentration ofN03. The plastic media 
for growout two did not show any statistically significant effect on water quality or 
shrimp production. N itrification did occur in both treatments with N03 accumulating 
during the duration of growout two but the amount ofN03 was not statica lly different. 
With no means of removing solids in growout two, the average N03 concentrations 
were up to 10 times higher than those in growout three HS treatment and up to 100 
times higher than those in growout three LS treatment that used settling chambers to 
remove solids from the tanks. 
I hypothesized that the tanks containing high solids will undergo nitrification, 
resulting in increased N03 such that N03 concentrations w ill be higher than the tanks 
contain ing high solids. Nitrification did occur in the HS treatment, with N03 
concentrations being significantly higher in the HS treatment compared to the LS 
treatment. For growout three the size of the settling chambers did not have an effect on 
shrimp production. With little to no accumulation ofN03 in the LS treatment it is 
assumed nitrification was not going on in the LS treatment, possibly due to the lower 
concentration of solids, which did not prov ide enough substrate for nitrification to 
occur. The removal of solids can lead to improved water quality with the water quality 
parameters of growout three being lower than that of growout 2 wh ich did not have any 
solids removal. 
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I hypothesized that the isotopic signatures of the shrimp will be more similar to 
the feed than the biofloc and remain relatively constant during the growing period. The 
shrimp isotopic signatures were constant, but the amount of contribution from the feed 
and biofloc was not able to be determined. 
10 I 
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